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Stress and Cognition: A Cognitive Psychological Perspective

Lyle E. Bourne, Jr. and Rita A. Yaroush

University of Colorado

Complex operations can be performed successfully in Space by human beings, but

more slowly than doing the same tasks on Earth (Fowler, Comfort & Bock, 2000: Watt,

1997)), Fowler, et al. (2000) and Manzey (2000) propose two hypotheses to account for

this performance degradation--(i) the direct effects of microgravity on the central

nervous system and the motor system of the body and (2) the non-specific effects of

multiple stressors. Evidence available to date is consistent with both hypotheses and

further experiments are required to settle this question. The issue has practical

implications because the countermeasures needed to ameliorate or prevent performance

deficits will differ according to which hypothesis is correct. Understanding and

ameliorating performance deficits will surely help ensure safer operations aboard the

International Space Station and during a mission to Mars.

Introduction

To the extent that the effects of multiple stressors are involved in the degradation

of human performance in Space, as suggested by the results of Watt (1997) among others,

cognitive psychology can help solve the problem. In a retrospective piece, Rapmund

(2002) describes how 20 years of experience working in the Pentagon convinced him of

the need for a greater understanding of human behavior and of human-machine

interactions to improve military operations. Wastell and Newman (1996) have argued

that a well-designed military system should realize the twin aims of enhancing human

performance and lowering stress. Success in this endeavor, they demonstrate, depends on

the degree of support and controllability the system affords the operator.

Cognitive psychologists study things that people do in their heads and how they

subsequently perform based on those mental operations. Cognitive psychology is largely

an academic discipline and a basic science, concerned primarily with (a) identifying

analytically the fundamental components of mental life, such as attention and its

allocation, memory systems, problem solving, decision making and the like, (b)

constructing experimental paradigms to isolate and examine these components in the

laboratory, and (c) developing theoretical structures that help to make sense of the data

collected in these paradigms. But the field is not exclusively academic. General

principles have been uncovered over roughly the last forty years of laboratory research on
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cognitionandsomeof thoseprinciplesshowpromiseof fruitful applicationto natural
situations,especiallyin educationandtraining.

Cognition in Emergency and other Abnormal Situations

One important issue to which contemporary cognitive research might usefully be

addressed is behavior under stress and in emergencies or other abnormal situations.

Interest in this problem is not new, having been expressed throughout the history of

psychology as an independent discipline and particularly by governmental agencies and

the military, which are especially concerned about performance of people in

extraordinary conditions (see, eg., Dearnaley & Warr, 1979).

Emergency situations are almost always dynamic, because early actions by a

participant determine the environment in which his or her subsequent decisions must be

made. Further, features of the task environment may change independently of the

participant's actions. Emergencies are time-dependent, because decisions must be made

at the correct moment in relation to environmental demands. Emergencies tend to be

complex, in the sense that most variables are not related to each other in one-to-one

manner. Finally, emergencies are stressful, because they can create intense psychological

pressures on participants.

Acute and chronic stress

Emergencies typically are not single isolated events. They are more like episodes

extending in time. Thus, emergency situations often require not one decision about how

to react, but a long series of decisions, and these decisions are, in turn, at least partly

dependent on one another. For a task that is changing continuously, the same action can

be definitive at one moment and useless at another. People often perform badly in

emergencies, sometimes neglecting to respond correctly in even the most obvious ways.

One bad decision can worsen the situation and augment the importance of later decisions.

A poor decision or an inadequate response can compound the stress effects that are a

consequence of the emergency itself. Being able to respond rapidly and correctly is

clearly a distinct advantage to anyone caught in an emergency. Neufield (1999) has

recently offered a promising formalism, based on nonlinear dynamics, that helps us

understand the interaction of multiple variables operating over time, as in emergencies

and in cases of stress and coping with stress. But there are presently few data available to

test the adequacy of Neufield's theory.

Emergencies often create acute conditions of stress, but these effects subside after

the emergency has passed. Other conditions that are non-normal but might not involve
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emergenciescanalsobestressful.Manyof theseconditionsgeneratelongerterm or
chronic,in contrastto acutestress.Amongtheseconditionsarespaceflight,
confinement,isolation,andothersimilar protractedexposuresto abnormalcircumstances.
Anecdotally,humanbeingshavedemonstratedanexceptionalability to live, work, and
adaptto extremeenvironments.Sauer,Hockey,andcollaboratorsconducteda seriesof
studiesof healthandperformancechangesinchronicallystressfulcircumstances.For
example,Sauer,Juergen,Hockey,andWastell(1999)reportedastudyof threeRussian
cosmonauts,testedona PC-basedsimulationof aMIR spaceflight, including isolation
andconfinementovertime. Theyfoundsometemporaryperformancedegradationsas
timepassedalthoughfor themostpart,withouttheoccurrenceof emergencies,job
performancewasacceptablyhigh. Thesameresearchersalsoreportedon theeffectsof
wintering-overby agroupof FrenchAntarcticexpeditionaries.They, like Brubakk
(2000),arguedthatpolarexpeditionsprovideabetter,morenaturalmodelof life in Space
thandoconfinementor isolationstudies.Again, only smalldecrementsin performance
on cognitivetaskswereobserved.Zulley (2000)reviewedtheresultsof experiments
performedin awidevarietyof long-termisolatingenvironmentsincludingSpace,
focusingon thecircadiancourseof variablessuchasbodycoretemperature,sleep-wake
patterns,mood,andperfl_rmance.Heconcludedthatsubjectsin isolationcanexperience
disturbancesof sleep,moodandvigilanceif their biologicalrhythmsrun "out of phase."
On thebasisof his review,herecommendedthat,if atall possible,astrict 24-hr.time
scheduleshouldbekeptwith regardto environmental,aswell asbehavioralinfluencesto
insureadequateandrestfulsleepandoptimal levelsof wakingperformanceand
psychologicalwell-being. Again, noseriousdegradationin performancetasks
attributableto isolationwasreported,however.

Thejob of acommercialairlinespilot is generallyregardedasoneof themost
stressful.It would, therefore,notbesurprisingto discoverthatpilots suffer morehealth
problemsthannon-pilots. Nicholas,et al. (2001)investigatedself-reporteddisease
outcomesamongalargegroupof activeandretiredcommercialairline pilots in the
UnitedStatesandCanada.Increaseddiseaseratesamongpilots weresuggestedfor
melanoma,motorneurondisease,andcataracts.However,ratesfor otherdiseaseswerein
generallower thanthosefor theU. S.population.As with otherswhoareexposedto
stressoverextendedperiodsof time, commercialairlinepilotsappearto adaptwell andto
evidencefew seriousbehavioralproblemsasaconsequenceof job-relatedstress.

Thecounterintuitivemessagefrom this researchseemsto bethat if participantsare
well preparedfor therequiredtasksandunderstandthattheirconfinementor isolation,
while protracted,is time-limited,performanceholdsupwell. Adaptationto chronicstress
mightbequitegood,if thestressfulsituationis notprolongedindefinitely. If adverse
conditionsdopersist,however,andthereis noclearend-pointto thestressful
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circumstances,thereareat leastsomeindicationsof possiblesignificantcognitiveeffects,
especiallyin children(Haines,Stansfeld,Job,Berglund,& Head,2001),Whatunique
effectsemergencies,occurringduringchronicallystressfulconditions,might havearenot
clearfrom thesestudies.However,it is alsothecasethatprolongedwork stressin
relativelymundanework settingscanhavesignificanteffectsonaperson'shealth,
especiallyif thestresscreateschronicsupra-optimallevelsof arousalaccompaniedby a
stateof strainin theworker. Straininghasbeenshownto put theperformerat somerisk
regardinghealthand/orsafety(e.g.,Andries,Kompier,& Smulders,1996). High
correlationshavebeenfound betweenworkstressorsandpsychosomaticcomplaints,
generalhealth,andfelt fatigueandboredomat work (Houtman,Bongers,Smulders,&
Kompier, 1994).

Teamwork under Emergencies

Many emergency situations require teamwork and co-ordination among two or

more players. Cockpit emergencies, for example, usually do not happen to a single

individual but rather to a crew. The stress associated with the emergency is generated

within each crew member, but its most important influence might be on the performance

of the crew as a whole. Decisions and responses might be made by individuals but their

effects ramify throughout the team. Thus it is imperative to try to understand not only the

individual under stress but also how the team functions cognitively in these

circumstances. Unfortunately, the literature on this issue is quite limited and largely

inconclusive.

The Purpose of this Review

Research in cognitive psychology has made a contribution to a understanding of

acute and chronic stress effects on performance by identifying some of the factors that

contribute to operator error under emergency or other abnormal circumstances and by

suggesting how operators might be trained to respond more effectively in these

circumstances. The major purpose of this paper is to review the literature of cognitive

psychology as it relates to these questions and issues. Because older reviews are

available (e.g., Hamilton, & Warburton (1979; Hockey, 1983), we limited our search of

the literature to roughly the last 15 years (1988-2002). To anticipate our findings,

research published in this time period, as well as the earlier literature, is limited in

significant ways. There are many studies to document the effects of stress on cognition,

performance, and health, and most indicate stress effects to be adverse. Typically,

however, these studies compare only two conditions, stress and no stress. Outside of the

clinical literature, there are very few studies that examine stress over a wide range of

values. This itself is surprising in view of the fact that most theoretical accounts of stress
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effectsin psychologyinvokesomevariationof the invertedU-hypothesis,that is, that
thereis someoptimal levelof stress(or arousal)for performancein any task. To verify
sucha hypothesis,at leastthreelevelsof stressmustbeincludedin theexperiment. The
literatureis limited in still otherways. Althoughtherearemanyexperimentsto
documentthat stressdoesinfluenceperformance,therearevery few thatassesswaysto
preparefor or to countervailtheeffectsof stress.Thatis, weknow very little aboutsteps
thatmightbetakento inoculatetheperformeragainststress.Thereissomeliteratureon
trainingto managestresswhenit occurs,hutonly a fewof thesestudiestouchon the
benefitsof stressmanagementfor cognitionor performance.Thus,in anticipationof the
reviewto come,its outcome,in the formof aclearandwell-documenteddepictionof the
stress/cognitionrelationshipandof recommendationsfor proceduresor guidelinesthat
mightbe followedto minimizeor eliminateadversestresseffects,will bedisappointingly
meager.

As anaside,weexpectedto find themostsignificantresearchonstressand
cognitionpublishedin themajorcognitivejournals,e.g.,Cognitive Psychology, Memolw

& Cognition, the Journal of Experimental Psychology: Learning, Memory., and

Cognition, and similar others. In fact, however, there has been relatively little published

on stress in these Journals in the last 10-15 years. Rather, the most important

publications that we found appear in peripheral journals, e.g., Aviation, Space, &

Environmental Medicine, Ergonomics, Work & Stress. and the like. There are also many

unpublished technical reports available in various data bases. Our review uses few of

these technical reports for a number of reasons, most important among them being their

lack of peer review and the fact that the best of them often appear later in revised form in

a peer-reviewed journal.

Preliminary Guidelines from Cognitive Psychology

An emergency, especially a life-threatening emergency, is a unique challenge to

operators of complex systems, such as aircraft. On the one hand, pilots and crew-

members are expected to maintain a high degree of proficiency in the relevant emergency

procedures, such that their performance is virtually automatic. Yet, on the other hand an

air crew rarely has an opportunity to practice these procedures in natural circumstances.

In aviation, normal flight procedures that are carried out on a daily basis are completed

with the benefit of a physical checklist. Emergency procedures, in contrast, are expected

to be performed rapidly, accurately, and without external guidance. In addition, the

procedures required might not be known if the conditions of emergency are unique.

Studies of memory, conducted within the context of the cognitive psychological

laboratory, have a good deal to say about this difficult situation. For one thing, it is not

feasible to expect that even a highly experienced operator can execute flawlessly a
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complicatedsequenceof actions,which havenotbeenrecentlyrefreshed,in responseto
anunexpectedandthreateningevent(Bahrick,Bahrick,Bahrick,& Bahrick, 1993;Healy
& Bourne,1995). We will attemptto reviewandorganizethis experimentalmemory
literaturein suchaway that thegeneralprinciplescanbeidentifiedandtranslatedinto
guidelinesfor cockpit procedures.To theextentthatwearesuccessful,theresultshould
haveimportantimplicationsfor proceduresandchecklistdesignandfor air-crewtraining.

Cognitivepsychologyhasproducedsomepromisingleadson theeffectsof stress
on humanperfl_rmance.Considerthemostgeneralquestion,what is thenatureof
responsesunderstress?Theansweris, thereisa vastamountof variability in
perfbrmance.This variability depends,amongotherthings,onwho theoperatoris (a
matterof individualdifferences)andon thesituationin whichrespondingtakesplace
(especially,thetypeof stress,e.g.,time pressure,externalthreat,etc.,engendered).
Thereisevidencefor a continuumof performance,rangingt¥om:(a)no effect (the person

handles the emergency situation as he or she would in the absence of stress) to (b)

facilitation (a small amount of stress actually improves performance), to (c) varying

degrees of degradation (the person makes errors or inadequately slow responses) to (d)

choking (characterized by performance failure due to "overthinking" the problem and

attending to aspects of the situation that are irrelevant to the task at hand) to (e) outright

(resulting in primitive ineffective responses, as if no training had ever been given,

or complete paralysis). It is obvious that, quantitatively, the intensity of stress elicited by

an environment event should move people, in general, from the no effect through various

intermediate stages to the panic end of the continuum. It goes without saying that, to

determine this effect, objective measures of stress intensity are required. Moreover,

people differ in how they respond to the same environmental event. We expect that, by

disposition, some people handle stress better than others, and we will present in later

sections some organized documentation to that effect. In addition to dispositional

sources, individual differences created by training also affect where a person falls on the

performance continuum. Degree of original learning or overlearning on the task at hand

probably can mitigate some effects of stress, especially at lower stress levels. It seems

obvious that skilled procedures that can be engaged on demand and executed flawlessly

under normal circumstances stand the best chance of succeeding in an emergency or

other abnormal situations. The literature to back this conjecture up will be reviewed.

Assuming that stress generally will, at some point, degrade performance, even

well-trained performance, where in the cognitive system are these effects most likely to

be found? Perception, attention, memory, decision making, problem solving and

response execution, all stages that have been identified and studied by cognitive

psychologists, are candidates for degradation. There is a relevant basic science literature

on these cognitive processes, both empirical and theoretical. But the relevance of this
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literatureto thenaturalemergencysituationis limited bytwo factors.First of all,
cognitivepsychologists,in additionto identifyingtheunderlyingprocessesof cognition,
havedevelopedlaboratorytasksin which to studythemindividually, moreor less
uncontaminatedby otherprocesses.Thus,thereare"attention"tasksor"memory" tasks
in whichattentionor memoryis revealedwhileotherprocessesareeliminatedor
controlled. Thesetaskshavebecomestandardandareusedwidelyoverdifferent
laboratories.This hastheadvantageof providingacheckon thereplicabilityof data
collectedin different locationsreplicable. But, at thesametime,it entailsthe
disadvantageof creatingrelativelysimpletasksthatbearlittle faceresemblanceto things
peopledo in therealworld. Secondly,it isdifficult to createrealemergenciesin the
laboratory. Stressmanipulationsusedby cognitivepsychologistsaremild andmarginal,
relativeto naturalemergencies.Both limitationsmakegeneralizationsfrom the
laboratoryto behaviorin naturalemergenciesrisky andquestionable.

To date.cognitivepsychologyhasshedlittle light onperformancein situationsthat
requiretheconcurrentmanagementof multipleskills. Pilotinganairshipis onesuch
situationthatischaracterizedby manyrelevantvariables,differing lagsin system
components,andseveralindependent,simultaneoustasks.O'Hare (1997)andWickens
(2002)havewrittenextensivelyon this matter.At thetop level,successfulperformance
in piloting requiressimultaneousawarenessfor one'spositionin space,of thestateof the
manyvariablescomprisingtheoperationssystem,andof thevarioustaskrequirements.
Thesecompetingdemandsoftenexceedtheoperator'sfinite attentionalresources.The
PC-basedWOMBAT-super(TM) SituationalAwarenessandStressToleranceTesthas
beendesignedto measureindividual aptitudeto copewith suchdemands(O'Hare, 1997).
Becauseof thehigh mentalworkloadimposedby flight, apilot might fail to maintainfull
awarenessof theenvironmentand,atvarioustimes,neglectcertaincritically important
componenttasks.Performanceon theWOMBAT testreliablydistinguishesbetweenelite
pilots andsimilarly experiencedbut lessskilledpilots(O'Hare, 1997). Lossof awareness
hasbeenidentifiedasamajorcontributorto humanerrorin aviationaccidents(Li, Baker,
Lamb,Grabowski,& Rebock,2002). Moreover,thereis nodoubtthatlossof awareness
canbestressful. Indeed,anticipationof possiblelossof awarenessmightbestressful,
leadingto somecasesof performancedegradationor errorsasarousalincreases.
Wickens(2002)hasdescribedthecognitiveprocessesinvolvedin piloting anaircraft and
thechangesin themthatcomewith cockpitchallenges.Henotesthatbasicexperimental
cognitivepsychologyhasproduceda reasonableunderstandingof theseprocessesin
isolationor in simple(dual task)combinations.But presentlywe lackafull
understandingor successfulmodelingof thecomplexinteractionsamongtheseprocesses
thatoccursin manynaturalsituations.
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That havingbeensaid,it is still thecasethatbasiccognitiveresearchhasidentified
someimportantgeneralprinciplesregardingstressandperformance.Theseprinciplesare
knownto applywhenindividualcognitiveprocessesareisolatedandstudiedanalytically.
To theextentthattheseprocessesareinvolvedin morecomplicatednaturalistic
emergencysituations,theprinciplessoidentifiedhavesomethingto sayaboutbehavior
in emergencies.In otherwords,theyshouldhelpusto understandandaccountfor
behaviorof personsin real situations.Beyondthat,wewill beableto abstractout of this
basicliteraturesomeusefulrecommendationsaboutproceduresandguidelinesfor
effectiveperformancein realemergencysituations.

An Example

An example might be useful at this point. Cognitive research currently is

concerned with a variety of forms of memory. One important distinction applies to the

temporal focus of information retrieved from memory. This distinction is based on a

continuum from the remote past - retrospective long term memory - to the present or

near present - short term memory and immediate or working memory - to the future -

prospective memory. Long term memory is theoretically a repository for facts and skills

acquired in the past. Short term and immediate memory holds facts and skills that are

currently at the focus of attention. Prospective memory contains reminders of actions to

be executed at some future time and place. Laboratory tasks have been invented to study

each of these forms of memory and the factors that influence them. The fundamental

processes and the important variables influencing memory are not necessarily the same in

all cases. Long term memories are characterized, for example, by loss of detail and

partial retrieval whereas immediate memories and especially prospective memories are

more likely to be all-or-none, i.e., complete or absent. Whether the memories in question

relate to facts (episodic memories) or skills (procedural memories) is also an issue.

Specific fact memory tends to blur into generic representations over the long term,

whereas skill simply degrades to lower levels of achievement.

Stress effects have been studied in the context of various forms of memory,

although the data available are surprisingly skimpy. The evidence seems to suggest that

stress in general (including stress arising in emergency situations) causes the operator to

focus on the here-and-now, with consequent degradation in retrospective and prospective

memory. The results are consistent with a memory constriction hypothesis to the effect

that the time span from which knowledge can easily be retrieved and used in a given

context shrinks as stress level increases. Neglect of facts or procedures in long term

memory and failure to execute required behaviors at appointed future times might be

major reasons for performance errors or failures in emergencies. At the present time,
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empiricalevidenceto supportthishypothesisis weak. Thehypothesiscould, however,
serveasaframeworkfor futureresearchefforts.

Research Methods

In the review that follows, our focus will be on the basic science literature. But we

will not exclude naturalistic observations and case studies. To the extent possible we will

examine the naturalistic decision making and problem solving literature in an attempt to

find parallels with what has been learned in the laboratory. In fact, as noted above, the

basic literature in cognitive psychology is quite disappointing. Basic researchers seem to

have lost interest in stress during the last 15-20 years, judging by the number of

publications in the prime journals. Consequently, we have broadened the search, and will

reference articles in sports psychology, health, organizational and industrial psychology,

human factors, aviation psychology, psychophysiology, ergonomics and other areas. We

have found a considerable literature on situation-specific stress, as in stress in the

workplace, in the office, among high level managers, in military operations, in airplanes,

among air traffic controllers, in autos while driving, in buses, among police and

firefighters (see, e.g., Raggatt & Morrissey, 1977; Westman, 1996: Westman & Eden,

1996; Zeier, 1994), but again the general implications are limited.. The research in these

peripheral areas tends to be limited and a little simplistic, involving two-group

comparisons (stress/no stress), biological correlates of stress, case or correlational

studies, intervention studies, and while the literature is considerable, it does not tell us

much about basic or practical principles.

Measures of Stress Effects

Neuro-physiological Measures of Stress

Situations capable of initiating physiological stress responses are varied and

complex. In the animal literature, stressors have been classified into two categories

(Herman & Cullinan, 1997). One category, termed "systemic" stressors, includes many

situations that produce direct physiological threats to organisms. Instances of such

situations include microbial infections, temperature extremes, dehydration, injuries, and

malnourishment. The second category, termed "neurogenic" or "processive" stressors,

includes situations that do not immediately threaten an organism's physiological

homeostasis but are perceived as a potential threat. In human beings, instances of

processive stressors include psychological and psychosocial situations, requiring

significant cognitive processing for their interpretation. In the lives of human beings, the

most common challenging situations encountered are in the processive category.

Traumatic-life events such as bereavement or anticipated or actual loss of home are
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familiar examples,but lesstraumaticevents,suchasperformanceanxietyassociatedwith
public speakingandexaminations,aswell aspsychosocialpressuresfrom interpersonal
relationshipsandwork placesettings,arealsoeffectiveactivatorsof physiologicalstress
responses.Mostchallenginglaboratorysituationsfall into theprocessiveclassof
stressors.Suchlaboratorysettingsrangefromcognitivesituationsdemandinghigh levels
of performanceonmentalarithmeticor theStroopcolor-wordinterferencetest,to
psychosocialsituationsinvolving public speaking,interviews,andthepresentationof
violent videotapes.Biondi andPicardi (1999)in arecentreviewof thehumanliterature
regardingtheeffectsof real-lifeandlaboratorystressorsonneurohumoralfunctions,
emphasizedtheimportanceof situationalappraisalandemotionalreactivityastriggersof
severalstressresponses,asoriginally suggestedby others(Lazarus,1966:Mason,1975).
Themostemotionally"loaded"proceduresarethustheonesassociatedwith thestrongest
physiologicalstressresponses.This associationsupportstheneedto examineself-report
measuresof stressandtheir correlationwith physiologicalstressresponsesin future
studies.

Thereareseveralphysiologicalresponsesthatarereliably correlatedwith the
experienceof stressandwith stressfulphysicalstimuli. This repertoireof responses
playsan importantrole in preparingindividualsto copewith putativeinternalor external
stimuli thatmight threatentheirwell beingor survival. Threatsto homeostasisaremet
by acutephysiologicalresponsesthatarequickandengagetwo mainbiological systems.
Thefirst is thesympatheticdivision of theautonomicnervoussystem,whichcontrols
neuralandhormonalprocesses.Acutepsychologicalstressorsgenerallyactivatethe
sympatheticadrenomedullarysystem.Thereleaseof theadrenomedullarycatecholamine
hormone,adrenaline,is crucial in thepreparationof an individual's "fight or flight"
reaction,asfirst suggestedby WalterB. Cannonin theearlypartof the20'hcentury.
Additional sympatheticneuralactivationvianoradrenalinereleaseis responsiblefor a
varietyof peripheralresponsesassociatedwith stressfulsituations,including,but not
limited to, increasesin heartrate(HR), blood pressure (BP), respiratory rate, perspiration,

and inhibition of digestive and sexual functions (Cacioppo, 1994).

The second principal stress-responsive system is the brain-pituitary-adrenocortical

axis, which regulates the release of glucocorticoid (GC) hormones into general

circulation (Akil, Campeau, Cullinan, Lechan, Toni, Watson, & Moore 1999). Two of the

most salient hormonal responses to stress are increases in norepinephrine and cortisol,

GCs manufactured and released by the adrenal cortex. But stress is associated with a

number of other neurohumoral responses. For instance, stress increases the release of

growth hormone and prolactin and inhibits the release of the thyroid and sex steroid

hormones. Many of these hormonal modulations have been linked to the release of

cortisol (Nemeroff, 1992). The orchestration of these responses allows the inhibition of
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"vegetative"functionswhile activatingenergymetabolism,bodydefenses,blood flow to
theskeletalmuscles,andasharpeningof thesenses.Farrace, Biselli, Urbani and Ferlini

(1996) have demonstrated the usefulness of these processes in the evaluation of stress

responses during flight.

Stress also affects the human immune system. Although chronic stress typically

produces suppression of a wide range of immune system parameters, acute stress has

been found to stimulate certain aspects of immune functioning (McEwen, 2000).

Specifically, acute stress can trigger aspects of an immune system acute phase response,

even in the absence of an infectious agent (Deak, Meriwether, Fleshner, Spencer,

Abouhamze. Moldawer, Grahn, Watkins, & Maier, 1997). This acute phase activation

results in a rapid increase in blood levels of certain acute phase proteins, as well as

production and secretion into the blood of the immune system related hormone.

interleukin-6 (Zhou, Kusnecov, Shurin, DePaoli, & Rabin, 1993). Thus, acute phase

activation is potentially another physiological marker of stress that might be useful in

human studies. Recent animal studies have provided evidence for stress-induced

stimulation of the acute phase response to be at least partially responsible for stress-

induced impairments in memory consolidation (Cahill & McGaugh, 1996; Pugh, Nguyen,

Gonyea, Fleshner, Watkins, Maier, & Rudy, 1999). These studies support accumulating

evidence for brain activity to be dynamically regulated by immune system factors (Maier,

Watkins, & Fleshner, 1994).

Electrical activity in the brain, as reflected in EEG patterns, are sensitive to certain

abnormal human conditions such as alcohol intoxication and fatigue. Gevins and Smith

(1999) reported that both intoxication and fatigue reduced the accuracy of performance in

a working memory task and that these effects were associated with changes in spectral
characteristics of the EEG. These authors have shown that both human observers,

operating intuitively, and computing networks trained on human data can discriminate

EEG patterns associated with fatigue and alcohol states from normal alert states with

accuracy well over 90%.

Measures of physiological responses can serve at least three distinct purposes. First,

they can help independently to determine the challenging or stressful character of

experimental circumstances. They can be used to assess the degree to which the

manipulations produce stress independent of the subjective exit interviews and self-report

indices. These physiological measures may offer a rigorous between-experiment

assessment of the stressful character of the different conditions employed in the

laboratory. A second feature of these measures is that they permit an assessment of

correlations between physiological and cognitive variables. For example, do the changes

produced by stress in cognitive performance relate significantly to concomitant changes
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in particularphysiologicalresponses'?Third, thesemeasureswill allow theinvestigation
of possiblemediatingrelationshipsbetweenphysiologicalstatesandcognitive
functioning. For example, a given physiological state may not just mark stress but may

mediate the effects of stress on performance. Intrinsic circadian variations of stress-

reactive hormonal levels could be tested to reveal possible mediating effects of such

physiological states upon performance, although this research is yet to be conducted.

To measure physiological reactions to stress, the following procedures have been

most frequently used and seem most useful. First, with respect to the action of the

sympathetic nervous system, researchers have measured a variety of peripheral response

measures, including, but not limited to, increases in HR, BP, respiratory rate,

perspiration, and inhibition of digestive and sexual functions. These indices are probably

most familiar as components of the lie detection procedure. Although they can be

controlled cognitively, subjects typically have no reason to attend to these measures

while engaged in a focal task. Under these circumstances, peripheral measures have

proven to be highly and reliably correlated with other indices of stress level. There is a

good deal of research to document the existence of distinct patterns of autonomic nervous

system reactions to stressful events (e.g., Lovallo, Pincomb, Brackett, & Wilson. 1990:

Saab & Schneiderman, 1993). People who appraise potentially stressful events as

challenges show a reaction consisting of high cardiovascular activity coupled with low

vascular resistance. Individuals who appraise the same events as threats show low to

moderate cardiac activity and high vascular resistance. Veltman and Gaillard ( 1996,

1998) investigated the sensitivity of some of the same physiological measures to mental

workload in a flight simulator. Several respiratory parameters, HR variability, BP

variability, and the gain between systolic BP and heart period all showed differences

between rest and flight. Only heart period was sensitive to difficulty levels in the flight

task. Among the respiratory parameters, the duration of a respiratory cycle was the most

sensitive to changes in workload. Finally, the time between two successive eye-blinks
increased and the blink duration decreased as more visual information had to be

processed.

Second, to tap the brain-pituitary-adrenocortical axis, researchers have

measured GC cortisol in the saliva of human subjects. This is a noninvasive

measure and can be repeatedly sampled in most experiments (Kirschbaum &

Hellhammer, 1994). Salivary cortisol is closely correlated with free plasma

cortisol levels (Vining & McGinley, 1987), and is useful in detecting several forms

of acute stress in the laboratory or in the field ( Aardal-Eriksson, Karlberg, &

Holm, 1998: Bassett, Marshall, & Spillane, 1987; McCleery, Bhagwager, Smith,

Goodwin, & Cowen, 2000), including challenging military training (Morgan et al.,

2000). Level of testosterone, which has been shown to be significantly reduced by
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some stress procedures (Elman & Breier, 1997; Hellhammer, Hubert, &

Schurmeyer, 1985; Schulz et al., 1996), can also be measured in saliva of male

subjects. Similar determination using estradiol in adult women is usually not

warranted because of low correlations between plasma and salivary levels with

existing assays and collection methods ( Shirtcliff, Granger, Schwartz, Curran,

Booth, & Overman,2000)). The immune system cytokine product interleukin-6 (I1-

6), which is elevated in response to a variety of stressors, is another marker of

stress measurable in saliva. Salivary I1-6 determination has been reported to

correlate highly with the release of cortisot in at least one study ( Perez Navero,

Jaraba Caballero, [barra de la Rosa, Jaraba Caballero, Guillen del Castillo,

Montilla Lopez,Tunez Finana, & Romanos Lezcano,1999).

An important issue concerning the various hormonal responses to stress is the

fact that cortisol shows a significant circadian rhythm in human beings (Czeisler &

Klerman, 1999). Thus, circulating cortisol levels normally rise and peak during

early morning in anticipation of waking and the demands that the waking state

produces on energy consumption and metabolism. Circulating cortisol levels

thereafter drop throughout the day and are at their lowest in the evening,

anticipating the reduced energy expenditure during the sleep period. Any

activation of the adrenocortical stress axis is therefore superimposed on this daily

rhythm, and the assessment of morning stress can easily be clouded by the already

high morning circulating levels.

Despite the difficulties and the complexity of taking physiological measures,

they are recommended for any research program that aims to provide a complete

picture of the role of stress in human cognitive performance. It should be noted

that the strength of a stressor can only be determined by measuring the subjective

and physiological response of the individual, because individuals may vary widely

in their reactivity to stressful circumstances. Where possible, it is important to

determine the extent to which subjective reports of stress correlate with

physiological measures. Likewise, it is important to see whether subjective or

physiological measures of stress responses are reliable predictors of performance

on whatever task is being studied.

Self-report Measures

Stress affects how we perform (behavioral), how we feel (self-report), and

many of our bodily functions (neuro-physiological). All three then should be able

to serve in some capacity as measures of stress, independent of environmental or

physical conditions that are said to be stressful. Systematic and exacting
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experimental studies of stress and its effects on cognition require valid and reliable

measures that can be taken both in the laboratory and in the real world. The best

work available on the evaluation of subjective states of stress has been reported by

Matthews and his collaborators (e.g., Matthews, in press; Matthews, Joyner,

Gilliland, Campbell, Falconer, & Huggins, 1997).

Matthews et al. (1997) noted that research on the subjective state of stress,

until recently, has been limited in scope, focusing primarily on state anxiety and

mood. These authors developed a broader index known as the Dundee Stress State

Questionnaire (DSSQ) which provides the first comprehensive multi-dimensional

assessment instrument for transitory states associated with stress, arousal, and

fatigue. Construction of the DSSQ began with a factor analyses of various paper

and pencil measures of stress, available in the literature or developed by the

authors. These scales represented three primary categories which the authors refer

to as mood measures (focusing on arousal, tension, and hedonic tone), motivation

measures (especially intrinsic motivation or interest in the task at hand), and

cognition measures (including awareness, interference, self-fbcus, concentration,

and confidence). By factor analysis, these scales generated three secondary

dimensions of subjective stress reaction. The first is labeled Task Engagement by

the authors, and is described in terms of how much energy, and concentration a

person invests in a task. The second is labeled Distress, that is, how much tension,

the hedonic tone, and the confidence a person exhibits in task success. Finally,

Worr x, or the degree of self-focus and self-esteem expressed and the amount of

cognitive interference experienced from intrusive memories and other sources (see,

e.g., Baum, Cohen, & Hall, 1993). Refined scales were then developed to give

maximally discriminant measures of Engagement, Distress, and Worry.

Matthews et al (1997) demonstrated empirically that these state dimensions

are independent of other state or trait measures available in the personality

literature, such as neuroticism. They further showed that these measures are

sensitive to external stress manipulations, especially in challenging and demanding

tasks. Task engagement scores are high when task demands are intense and the

task itself provokes strong intrinsic motivation. Distress is most closely related to

capacity overload and time pressure. Demanding tasks are typically distressing,

especially when they are appraised as threatening. Finally, worry tends to be

associated with self-evaluation as when the nature of the task provokes assessment

of personal qualities and goals. But, boring or monotonous tasks or tasks that lead

to a loss of concentration can also provoke worry. Matthews et al. (1997) have

developed a processing efficiency theory that predicts slower memory scanning

and retrieval in subjects with high chronic stress or high anxiety, because some of



StressandCognition 18

theworkingmemorycapacityof thesesubjectsis occupiedby worries,morethan
low anxiousor nonstressedsubjects.Ashcraft (2002)hasattemptedto testthis
theorydirectly, andreportsinconsistentresults.But thehypothesisis plausibleand
deservesfurtherempiricalinvestigation.

Basically,Matthews,et al. (1997)haveshownthat muchof thevariation in
the subjectivestress state can be characterizedby the three themes, labeled
commitmentto the task,cognitiveoverload,and self-evaluation,all of which are
accessibleby self-report.Matthews(1996) suggestedthat thesethemesrepresent
the three principal adaptive challenges posed by stressful pertbrmance
environmentsand that basic state reactionsreflect choicesof adaptivestrategy
within a variety of different situations. Theevidencesupportingthe validity and
reliability of theDSSQis extensiveandimpressive.As notedabove,it represents
the mostcomprehensivemeasureof subjectivestresspresentlyavailable. Its utility
in researchmightbe limited, however,by the lengthof the questionnaireand the
time requiredto administerit, which is estimatedto beapproximately10-15mins.
If stressmeasurescanbe takenbetbreor after the fact, then the questionnaireis
probably the best instrument available. If stress measures are required
concurrentlywith stressconditions and/oron a moment-by-momentbasis,other
lessreliable indiceswill probablybe necessary.It might be possible to develop a

short-fbrm instrument, based in the DSSQ, that could be used for concurrent

measurement, but such a test has yet to be published.

Task induced changes in stress are described within Matthews' system as

patterned shifts in task engagement, distress, and worry. Patterns are sensitive to
task and environmental demands. Matthews et al. illustrated this effect with

studies of automobile driving. Operators' appraisal of task demands (workload)

and choice of coping strategy mediate these stress effects. Thus, tbr Matthews,

stress is an adaptive transaction between operator and task. Matthews et al.

speculate that the consequences of task automation (e.g., cockpit automation) will

vary widely depending on appraisal of the reliability and ease of control of the

system, type and number of residual tasks left to the operator, and interpersonal

factors such as personality and coping style. Thus there is likely to be no simple

remedy for stress-related problems associated with automation, such as boredom or

complacency. Fine-grained assessment of the operator's feeling state and

cognitions is required to determine vulnerability to performance degradation under
stress.
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Evidence from Matthews et al. (1997), basedon self-report measures,
supportsthe following guidelinesfor mitigating theeffectsof stressin automated
andsemi-automatedsystems,suchasdriving anautomobileor flying anairplane.

1. Delineateand focuson thoseactionsand problemsthat are subjectto
operatorcontrol.

2. Recognizethat there are qualitatively different stress-reactionsthat
requiredifferent interventions. Stressattributableto fatigue and task
disengagementaredifferentfrom thoseattributableto distressor worry.

3. Design the systemwith stressfactorsin mind. For example, avoid

overload on operator controlled tasks.

4. Design for variablity of work load requirements.

A number of specific self-report techniques have been developed to measure

stress in the work place, and some of these have possibilities as general stress

measures. Quick (1998) has provided an excellent summary of these measuring

devises, which include the following.

(1) The Occupational Stress Indicator and its successor, the Pressure

Management Indicator (PMI, Williams & Cooper, 1998). The PMI

presents a range of 22 sub-scales that tap into a number of aspects of

the organizational stress process, from demands through moderators

and modifiers to strain and distress responses. The PMI also provides

information on organizational constructs such as organizational

climate and individual constructs such as personal responsibility.

(2) The Job Content Questionnaire (JCQ, Theorell & Karasek, 1996,

Karasek, Brisson, Kawakami, Houtman, Bongers, & Amick,. 1998).),

which is a perceptual measure of social and psychological

characteristics of jobs and the content of work.

These questionnaires are reliable and valid self-report measures, but are less

comprehensive, and therefore less valuable as research tools than the battery

developed by Matthews et al. (1997).

How do self-report measures of stress stack up against neuro-physiological

indices? Leaving aside for the moment the time it takes to recover these measures,

the answer is, quite well. In fact, under many circumstances, self-report measures

are to be preferred because of their greater face validity and reliability. There are

several studies in the recent literature that speak to this issue. For example, Zeier
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(1994) reported a study that used both self-report and neuro-physiological

measures of stress in air traffic controllers. He found that periods of high and low

traffic differed in both self-reports and in levels of salivary cortisol. Further he

found a high correlation between self-reports and cortisol levels. He concluded

that, while these measures differ in substantive ways, the information they provide

is supplementary and neither is to be preferred over the other. Both measures

might be valid reflections of the same underlying processes.

Shostak and Peterson (1990) found that self-report measures of anxiety level

were more sensitive and more reliable as predictors of simple laboratory

performance than were two physiological measures, HR and BP. These

researchers concluded that self-report measures were further to be preferred in this

context because they were easier to take. Kozena, Frantik, and Horvath (1998)

reported a similar outcome using middle-aged train drivers. Questionnaire data on

health state and family health history, lifestyle, job stress, social and family

support, personality characteristics, and health risk behaviors were more predictive

of performance in reaction to laboratory stress than were measures of

cardiowlscular activity, including HR and BP.

Performance or Behavioral Measures

But the issue of which type of measure, self-report or neuro-physiological, is

the better or more appropriate measure of stress effects is far from settled. Hancock

and Vasmatzidis (1998) contend that, rather than either self-report or physiological

measures, task performance level should be the primary criterion for determining

the effects of exposure to stress. They argue that change in behavioral performance

efficiency is the most sensitive reflection of human response to stress, and that

error-free performance is the principal criterion of work efficiency, especially in

high-technology systems. Therefore, continuing exposure to stress after work

performance efficiency begins to fail, but before current physiological limits are

reached, is inappropriate for both the safety and the productivity of the individual

worker, their colleagues, and the systems within which they operate. Behavioral

performance assessment should therefore supercede physiological assessment or

self-report as the primary exposure criterion, although these other measures still

provide important supplementary information.

There are, of course, others who disagree with this analysis, contending that

how a person thinks and communicates about stress and/or how the body

automatically reacts to stress are fundamental components of the stress syndrome

that are not contained within measures of performance. Still, there have been
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severalsignificantefforts,following thelogicof HancockandVasmatzidis,which
havebeenaimedatidentifying anddevelopingreliableperformancemeasuresto
assessindividual differencesin reactivityto stress.AckermanandKanfer (1994)
developeda batteryof cognitiveability testsfor predictingperformanceunder
stress.As atestbed,theyusedadynamicTarget/ThreatIdentificationTask
performedundertime-pressure.Their final batteryconsistedof amixtureof
cognitiveandperceptualspeedability andstress-reactivitymeasures.They
showedthat thesemeasuresaccountedfor themajoramountof individual
differencesin performanceona varietyof complextasks.Two tests,calledThe
Dial ReadingandDirectionalHeadingsTests,werefoundto beparticularly
promisingpredictorsof performancein stressfulinformationprocessingactivities.
Theauthorsconcludedthatsuchmeasureshavedefiniteadvantagesoverself-
reportsin predictingindividual differencesin reactionto stress.

A somewhatdifferent setof measureswasusedby Thomas,Schrot,et al.
(1995). Cognitiveprocessesof primaryinterestto theseauthorswerememory,
speedof response,vigilance,mentalcalculation,reasoning,andlearning.The
measuresof performancetheyexaminedwerematching-to-sample,complex
reactiontime, visualvigilance,serialaddition-subtraction,logical reasoning,and
repeatedacquisitionof S-Rassociations.Thesemeasureswereimplementedin a
standardizedmanneronportablebattery-operatedcomputersfor usein both
laboratoryand field settings.Their reportprovidesdetaileddocumentation,
supportingthereliability andthesensitivityof thesemeasuresto stresseffectsin a
complexoperationsenvironment.

Conclusions _

Several physiological responses are reliably correlated with the experience of stress and
with stressful physical stimuli. One arises in the autonomic sympathetic nervous system, which
controls both neural and hormonal processes The second principal stress-response system is the
brain-pituitary-adrenocortical axis, which regulates the release of GC hormones in the general
circulation. Two of the most salient hormonal responses to stress are increases in norepinephrine
and cortisol, GCs manufactured and released by the adrenal cortex. Third is the immune system,
which is also sensitive to stress. Although chronic stress typically produces suppression of a
wide range of immune system parameters, acute stress has been found to stimulate certain
aspects of immune system function.

Conclusions are written in a smaller font than the text. They can be read after the section to
which they relate or collectively, in a section entitled Summary and Conclusions, at the end of

the report.
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Measures of physiological responses can serve at least three distinct purposes in research.

First, they can help independently to determine the challenging or stressful character of

experimental circumstances. Second, they permit an assessment of correlations between

physiological and cognitive variables. Third, these measures alh)w the investigation of possible

mediating relationships between physiological states and cognitive functioning. To measure

physiological reactions to stress, the following procedures seem most useful. First, with respect
to the action of the sympathetic nervous system, researchers have examined a variety of

peripheral response measures, including, but not limited to, increases in HR, BP, respiratory rate,

perspiration, and inhibition of digestive and sexual functions. Second, with respect to the brain-

pituitary-adrenocortica[ axis, researchers have measured GC cortisol in the saliva of human

subjects. The immune system cytokine product interleukin-6 (II-6), which is elevated in response

to a variety of stressors, is another marker of stress measureable in saliva.

The most successful self-report measures of stress locus on three processes: commitment

to the task, feelings of cognitive overload, and self-assessment of success. Context-induced

changes in stress result in patterned shifts in task engagement, distress, and worry on the part of

the subject. Patterns are sensitive to task and environmental demands. Comparisons of the value

of self-report to neuro-physiological measures of stress have been inconclusive. Most

researchers find a high correlation between these two types of measures, leading to the
conclusion that. while these measures differ in substantive ways, the information they provide is

supplementary and neither is to be preferred over the other. Other researchers have argued that

changes in behavioral peflk)rmance efficiency are the most sensitive reflection of human

response to stress, and that behavioral measures are sometimes preferable to both self-report and

neuro-physiological measures.

Definitions of Stress

Stress is a descriptive term used in both the behavioral and biological

sciences to cover conditions of a physical, biological, or psychological nature, that

typically cannot be controlled by organisms, and that strain organisms often

beyond their powers to adapt (e.g., Galliard & Wientject, 1994). But there is no

single universally agreed to definition of stress and consequently no single measure

that will tell us when a person is stressed or operating under stressful conditions

(Hancock & Desmond, 2001). Some conditions have generally been accepted at

stressful. For human beings, these include but are not limited to extreme

temperatures, loud or noxious noises, infectious diseases, sleep deprivation,

extreme heavy or prolonged work loads, time pressures, social pressures, and

intense negatively-toned emotions. Stressors are environmental, biological, and/or

cognitive events that, among other things, challenge or threaten the well-being of

an organism, increase its arousal or activation level, and deplete its resources (see,

e.g., Hobfoll, 1991). They can be extraneous (non-work stress) or indigenous

(stress created by the task) and they can arise from endogenous or exogenous

sources. The resulting stress states can be acute and time limited, as in responses
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to a single transitory event, or they can be chronic, as when the condition of stress

persists in time. Normally, human beings respond to stressors either through

extraordinary mental or physical effort or by exhibiting degraded performance.

Extreme eflbrt over time in response to chronic stress can result in either mental or

physical exhaustion or injury (see, e.g., Kolich & Wong-Reiger, 1999).

With respect to human pertbrmance, stress-related ',henomena are often

classified as emotional, cognitive, and physical (Van Gemmert & Van Galen,

1997). There are numerous examples of the effects of stressors in all three

categories affecting human performance. For example, regarding emotional stress,

Adam and Van Wieringen (1988) have shown that worry and emotionality,

measured as personality traits, are negatively correlated with proficiency in a

simple motor task. Cognitive stress, resulting from the need for coordinated multi-

tasking in nearly all daily activity, is perhaps the most common stress condition.

Heightened mental load resulting from multitasking typically slows responding,

although it often has little affect of accuracy of performance (Castiello & Umilta,

1988). Physical stress is particularly interesting in the light of the contemporary

concern with the quality of the natural environment. Urban areas in particular

present stressors in the form of noise, air pollution, and disturbance of natural

light/dark rhythms. But research has presented an unclear picture of the effects of

these stressors, sometimes reporting significant detrimental effects on performance

and health and sometimes reporting no effect (Nivison & Endresen, 1993; Smi,n,

1991). Interestingly, Van Gemmert and Van Galen (1994) showed that

performance in a complex sensory-motor task was more sensitive to cognitive

stress, manipulated by concurrent memory load, than to physical stress,

manipulated by sound pressure level. These often conflicting results argue for a

more comprehensive study of stress effects on human performance and for an

integrative theoretical framework in which to organize the empirical evidence.

This effort might profitably focus on the nature of the task to be performed and the

strategies people use to contend with conditions of stress.

Theories of Stress and Cognition

In general, theories of stress account for its effects on cognition and on

human performance in terms of multiple psychological and biological processes.

These processes include, but are not limited to: arousal or activation (stress

intensity is directly and linearly related to arousal level), attention allocation

(stress controls directly or indirectly the distribution of attention across points of

environmental and internal input and can overload attentional capacity), and plans

or strategies for the deployment of attention and other resources. Theories differ
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in their assumptions about these processes. Some attribute little or no role to

consciousness or awareness, asserting that stress effects are direct, automatic,

biological, or intuitive. Others assign the major performance control functions to

plans, appraisals, analyses, and other cognitive phenomena that are invoked in

stressful situations. These differences are illustrated in the following section.

which presents a sampling of recent theoretical writing on the relationship

between stress and cognition.

Cognitive Continuum Theory. Hammond (2000) introduced what he calls a

missing link in modern stress/cognition research, that is, a comprehensive set of

principles under which stress effects can be classified, interpreted, and coherently

integrated. Such a set of principles, if it can be articulated and agreed to, would be

tantamount to a new theory and constitute a model for future research in the area.

To set the stage for his theory, Hammond argues that the field has been

characterized by two points of view regarding the proper focus of research (for a

related argument, see Gigerenzer, Todd. and the ABC Research Group, 1999).

The Coherence point of view incorporates models based on the assumption that

human behavior is always contingent not only on the task at hand but also on

intervening rational or quasi-rational thought processes. Models of this type

include those based on statistical decision analysis, heuristics and biases,

information integration theory, and the notion of multi-attribute choice. The

coherence position leads to a research focus on the systematic interplay between a

task or problem, thought processes it might elicit, and the eventual response. The

Correspondence viewpoint incorporates models that are indifferent to intervening

cognitive processes and that focus on systematic and direct relationships between

task characteristics and responses, e.g., the empirical accuracy of a judgment. The

theories cited as examples by Hammond are signal detection theory, probabilistic

mental models, and the author's work on social judgment theory. The first

approach emphasizes analytical cognition (deliberate cognitive processes) and the

second approach emphasizes intuitive cognition (unconscious,, non-traceable

cognitive processes) (see also Gigerenzer, Todd, & the ABC Research

Group, 1999).

Hammond's theory of judgment and decision making -- the Cognitive

Continuum Theory (CCT) -- is based on tour principles, arising from the

correspondence and coherence metatheories and two theoretical terms, called

intuition and analysis. Of further importance to this theory is the postulate that

"tasks" are special concepts in and of themselves and have properties--"task

properties" - that significantly interact with cognition. CCT requires the

development of indices to codify both task properties and cognitive properties.
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This is accomplishedby consideringcognitiveactivity to lie onacontinuumfrom
intuitive to analyticalwith amid-pointof "quasi-rationalthinking" or "common
sense".Tasksarelikewiseconsideredin light of their "capacityto induce
intuition, quasi-rationality,or analyticalcognition". This thenproducesa3X3
matrix of taskandcognitivepropertiesontowhichaparticularcognitiveeventcan
bemapped

TASK CONTINUUM INDEX
COGNITIVE INTUITIVE QUASI- ANALYTIC
INDEX RATIONAL
INTUITIVE Best
QUASI- Best
RATIONAL
ANALYTIC Best(normal)

Stressis introducedinto this model as a consequenceof a disruption of
"constancy*'or balanceor homeostasisbetweencognitionandtask(environment).
Hammondproposesthat all organismsseek to maintainstablerelationswithin
their environmentand the disruption of stabilizedrelationsproduceswhat we
know as stress. Stressorsare divided into endogenous(any negativechange
within the task system,e.g. loss of an information source) and exogenous
disruptions(thosedue to factorsoutsidethe task system (e.g., fire, noise, cold).

The particular disruption (exo- or endo-) will, according to Hammond, affect the

type of cognition and the consequences of judgment. Overcoming endogenous

disruption of constancy demands cognitive change, i.e., moving along the 3x3

matrix, whereas overcoming exogenous disruption of constancy demands

resistance to cognitive change and staying within the correct cell of the matrix.

How to know when to "change" or when to "stay" within a particular cognitive

mode becomes the crux of effective problem solving, leadership, and judgment.

The author contends that not only is this model highly researchable, but should

also lead to methods of training that may be different for those being groomed for

leadership roles.

Hammond claims that CCT provides a new orientation for the field of stress

and cognition. He highlights four points: (1) Environmental events and cognitive

events share equal and joint billing in the determination of behavior. (2) Stressors

should always be examined in relation to cognitive activities. (3) Disruptions of

homeostasis should be differentiated into endo- versus exogenous and the current

cognitive mode recognized (intuitive/analytical). (4) Leaders and followers should
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be taughtto bealertto andto accepttheneedfor cognitivechange.Accordingto
Hammond(2000),theseprinciplesprovideacohesiveandcoherentframeworkfor
organizingwhatwepresentlyknow aboutstressandcognitionandthedirection
that futureresearchin might take.

Theories of activation and resource allocation. Many theories of stress

incorportate two mechanisms, one related to activation of the organism and the

other related to resource competition. The first mechanism is typically assigned a

facilitating effect generally describable as a "readiness to respond." The second

can have a negative effect resulting from the necessity to spread cognitive or other

resources thinly over various input and response possibilities. The combination of

these two mechanisms allows the theorist to account for the sometimes paradoxical

facilitative and inhibitive effects of the same stressor on performance. Facilitation

occurs when the activation process dominates; inhibition when the competition

process dominates. Facilitation generally occurs under mild to moderate stress and

with simpler task requirements. Inhibition occurs at higher levels of stress and

more demanding task requirements.

The form attributed to these mechanisms differs widely among theorists. A

recent example is Van Gammert and Van Galen (1997), which is described here

not because it is the most convincing theoretical argument but rather primarily for

purposes of illustration of recent theoretical developments regarding processes

underlying stress. Van Gammert and Van Galen employ the concept of

neuromotor noise to explicate the activation side of stress effects. But they also

incorporate resource allocation and postulate ways in which activation and
resource allocation interact.

Van Gammert and Van Galen assert that the human cognitive system is

inherently noisy. But increased processing demands produce even larger levels of

noise and consequently decreased signal to noise ratios in the system. That stress

generates noise in the cognitive system is not a new idea, being first introduced by

Mandler (1979). But Van Gammert and Van Galen develop the idea beyond

earlier theoretical statements. According to Van Gemmert and Van Galen, the

effects of noise can appear either in effectively reduced sensitivity to task related

sources of information or on the motor side in the form of less exacting

movements. Van Galen, Van Doom, and Schomaker (1990), for example, showed

that, as the complexity of the sequence of movements required by a task

increased, the contribution of tremors and other indices of neuromotor agitation

also increased, resulting in a relative degradation of performance. But not all

effects of noise are negative. Noise is also said to have an activating or altering
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function. Performanceis assumedto bebestat optimallevelsof signalto noise
ratio. Performersengagein variousstrategiesto achievetheseoptimal ratios.
Onestrategyis to slow down,permittingnoiseactivationto leveloff relativeto
task-relevantactivation. Evidencein supportof thisstrategicmaneuvercomes
from classicalstressmanagementtechniquesandfrom theconsiderableliterature
showingamongotherthingsthatRTsto weaksignalsaretypically slower than
RTsto strongerbut otherwiseequivalentsignals(e.g.,Tanner& Swets,1954). A
secondstressmanagementprinciplestatesthat,underconditionsof stress,
performersadaptivelysetmotorsystemparametersto produceoptimalsignal-to-
noiseratiosfor musclesandmovement.

Noiseeffects,whentheyoccurin resourcepools,canadverselyaffectall
concurrenttasksdrawingon thosepools. Noisepropagatesin thecognitive
systemsuchthatconcurrenttasksaremoreaffectedby noisethanareindependent
or sequentialtasks.Further,themorecloselyrelatedtwo or moreconcurrenttasks
are,thegreaterthecompetitionbetweenthemfor resources.A potentiallyuseful
extensionof thiswork hasbeenprovidedbyNeufield(1999),who developeda
nonlinearformalismfor describingmultiplevariablesinteractingover time.as in
stressandperformance.

VanGammertandVanGalen(1997) tested some of these theoretical ideas

in a series of experiments using both verbal (writing numbers in response to

dictation) and spatial (aiming and drawing) tasks. Both tasks were performed

under two types of stress, cognitive (performing a secondary arithmetic task) and

physical (presence of a loud auditory noise). Three measures of performance

were taken. Response initiation time, that is, time between stimulus and the

beginning of movement, was used as an index of the difficulty of information

processing. Movement time, that is, time to execute a response, was used as an

index response difficulty. Hand pressure on manipulanda was used to measure

tremor and motor stiffness. Both facilitative and inhibitory effects of stress were

observed on initiation and movement time. Predictions from theory about

resource competition, tremor interference, and time management were largely

confirmed by these experiments.

Matthews and Desmond (1995) argue for a model of stress that incorporates

three general mechanisms through which stress and the operation of complex

systems may interact to affect performance, generally detrimentally. These are ( 1 )

overload of attentional capacity, (2) disruption of executive control of selective

attention, and (3) disruption of adaptive mobilization of effort. These mechanisms

were validated by Matthews and Desmond with data from driving simulator
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studiesof stressanddual-taskperformance.Stresswasinvestigatedboth through
theexperimentalmanipulationof certainenvironmentalvariablesandthethrough
measurementof individual differencesin stressvulnerability. Variablesthat
accentuatedetrimentaleffectsof stressincludeolderage,inexperienceat thetask,
andpoorattentionalskills. The resultsclearlysupporttherole of attentional
resourceallocationasthemajorprocessmediatingstresseffectsonperformance.
Themajorlimiting variablethat is mostclearlysubjectto the influenceof training
is inexperience.Indeed,providingexperiencewith thetaskandthe stressorsthat
occurin it overridetheinfluenceof ageandattentionalskills. Thesedatahave
beentakento supporttheuseof over-trainingasacountermeasureto stress.

A constraint. Hancock and Warm (1989) point out an important constraint

that a general theory of stress and cognition will have to accommodate, namely,

that various sources of stress tYom the environment don't all impact performance

in the same way. Conversely, the same stressor might be reacted to in different

ways by different performers. Hancock and Warm examine, in particular, the

differing effects on sustained attention of acoustic stress or noise in contrast to the

performance patterns that emerge from the influence of heat stress. They note that

the task itself, in this case vigilance, can be its own source of stress, and that an

integrated view of stress and performance must consider the task as a primary

influence in the generation of stress. This assertion is consistent with the role

assigned to tasks in Hammond's theory (2000). Any theory of stress must

accommodate these multiple source of stress and their potentially non-additive

effects of performance.

Conclusions

There is no shortage of theories about stress and it is impossible to review them all here.
Fortunately, there are a few common themes among these theories and this fact provides a way
to categorize theoretical ideas. Some theories emphasize the biological consequences of stress,
treating behavior as a by-product of biological processes. Examples include automatic
neurological and/or hormonal changes that are triggered by an event. Others focus on the
behavioral consequences of stress and on cognitions that mediate the stress/behavior relationship,
including importantly how the "'stressful" event is appraised by the organism. In general,
theories account for stress effects on cognition and on human performance in terms of multiples
of processes. These processes include, but are not limited to: arousal or activation (stress
intensity is directly and linearly related to arousal level), resource allocation (stress controls the
distribution of mainly attentional resources across points of environmental and internal input and
can overload attentional capacity), and plans or strategies. Theories differ in their assumptions
about these processes. Some attribute little or no role to consciousness or awareness, asserting
that stress effects are direct, automatic, and intuitive. Others assign major performance control
functions to plans, appraisals, analyses, and other cognitive phenomena. No theory that we have
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reviewedcompletelyelucidatesthestressprocess,andit isonlyreasonabletoexpectfurther
attemptsattheoreticalexplicationisthefuture.

ArousalandPerformance.

Arousal,alertness,andactivationaretermsusedin thepsychological
literaturemoreor lesssynonymouslyto describeaparticularstateof theorganism.
Like any state, arousal is capable of variation in time. As an organism becomes

more aroused, it likewise becomes more alert and more highly active, at least up to

a point. Using a circadian analogy, sleep or initial wakening lies at the Low end of

the arousal continuum. The stimulation or sensory experiences attendant on

waking enhances arousal level, and arousal level grows as daily events transpire.

Generally people experience the highest normal levels of arousal around mid-day,

although meals can cause transitory decreases and unanticipated events can cause

transitory increases or decreases in arousal during the day. Arousal levels decrease

with prolonged work and attendant fatigue. The onset of darkness is associated

with a return to resting levels of arousal as an individual prepares for sleep (see,

e.g., Neri et al., 2002).

Human performance in nearly all situations tends to be correlated with

arousal, improving up to a point as arousal level increases and falling off as arousal

decreases diurnally. But there are, of course, many qualifications on this general

rule. For example, arousal level can become too high for the task at hand. When a

person is over-aroused, performance will deteriorate. Moreover, simple tasks like

vigilance, time estimation, or the execution of a single well-practiced manual

response are performed optimally under relatively high arousal levels, whereas

complicated tasks such as those involving a sophisticated level of mental

calculation are performed optimally under relatively low levels of arousal. Thus, it

has been known for some time that modestly increasing a person's level of arousal,

e.g., by introducing the threat of a painful stimulus, facilitates performance on a

simple task like time estimation (e.g., Falk & Bindra, 1954), but can hinder

performance on more complicated tasks like public speaking or mental arithmetic

(see Giesbrecht, Arnett, Vela, & Bristow, 1993; Lovallo, 1997).

The correlation between arousal and performance is so ubiquitous that it has

come to be accepted as a law in psychology - the Yerkes-Dodson (Y-D) law,

named for its putative discoverers (Yerkes & Dodson, 1908). The law takes the

form of an inverted U-shaped relationship between performance and arousal.

Performance on any task is best at some mid-level of arousal, tailing oft" as arousal

becomes too low or too high. The specific level of arousal that is optimal for
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performancediffersamongtasks,tendingto decreaseastaskdifficulty increases.
Thelawful statusof this relationshipwassolidifiedby DonaldHebbin hisoft-cited
presidentialaddressto theAmericanPsychologicalAssociation(Hebb, 1955).
Despitethe intuitive reasonablenessof thisrelationshipandthevastamountof
empiricalsupportfor it, therehasbeensomeskepticism.Hancock(1987),for
example,pointedout thattheY-D law borderson thetautological,given thatthe
resultit expressescouldhardlybeotherwise.Thatis, performancein anytaskis
boundto bepoorerwhentheperformeris under-or over-aroused.Somemid-level
optimum follows necessarily.Thiscontroversyis irrelevantto presentpurposes.
however,becausewe interestedonly in thedescriptivefeatureof theY-D "law."

Motivation and Arousal

Arousal might affect performance simply by activating response systems.

An aroused organism is an organism that is ready to respond. Whether the

activated response systems are relevant or correct for the task or irrelevant or

incorrect determines whether arousal facilitates or impedes task performance. An

alternative theory (see Lovallo, 1997) links arousal to motivation. The more

aroused the organism is, the more it is motivated to perform well. Such a theory,

accounts easily for the initial upward leg of the Y-D law but requires interference

or inhibitory processes to account for the possibility that an organism can be "too

motivated" to perform well. Among the models that have been suggested are those

that invoke activation of competing responses at higher levels of motivation

(Lovallo, 1997). Even though there might be a strong link between arousal and

motivation, there is plenty of evidence that these are separable concepts. For

example, Dyregrov, Solomon, and Fredrik (2000) have shown that performers can

counteract the potentially degrading effects of supra-optimal levels of arousal by

extra effort. Making an extra effort is surely a matter of motivation, which means

that, in this example, motivation competes with arousal for control of behavior.

Countervailing influences imply unique and separable motivational and arousal

processes.

Stress and Arousal

Stress effects on performance are, in part and to some extent, mediated by

arousal. Like arousal itself, stress can have either beneficial or degrading effects

on performance, depending on the intensity of the stressor, the momentary, level of

arousal when the stressor occurs, the nature of the task to be performed under

stress, the skill of the performer, and other variables. Light stress introduced while

the participant is at some sub-optimal level of arousal has been shown to facilitate
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performance (e.g., P _urne, 1954; Falk & Bindra, 1954: Meyer, 1953; Spielberger,

1966, 1972). But one unique and important feature of stress is that it can induce

high levels of arousal that are rarely seen in normal circumstances. Thus, often,

stressors induce levels of arousal beyond optimal tbr performance in any task, and

as a consequence, performance is degraded. Modest levels of supra-optimal stress

can be counteracted by the performer by increased effort, resource mobilization, or

straining (e.g., Dyregrov, Solomon, & Fredrik, 2000; Gaillard, 1993; Gaillard &

Wientjes, 1994; Hocket, 1997; Matthew, Sparkes, & Bygrave, 1996). Razmjou

( 1996; see also Razmjou & Kjellberg, 1992) claims that resource mobilization

involves deliberate processes, basically strategies for controlling effort, that allow

the performer to adapt to the source of stress or arousal and to task demands.

According to Hockey (1997), successful performance in any task requires the

operation of a control mechanism, which allocates resources dynamically.

Perlfbrmance may be protected under stress by the recruitment of previously

untapped resources, but only at the expense of increased subjective eflbrt, and

other behavioral and physiological costs. Of course, performance stability can be

achieved by reducing goals, without further costs.

At some high level, however, stress will degrade performance. Under the pressure

of an emergency, close examination by others, time urgency, threat of bodily harm, or

other strong stressors, people often falter. Performance degrades, or worse fails. At the

extremes of stress, a performer might "choke" or "panic."

Stress States: Qualitative Effects of Stress

Quantitatively, stress effects on performance follow the inverted U-shaped

relationship (the Y-D law). Although there is considerable evidence in support of

such a relationship, the Y-D law is not the whole story and has limited explanatory

value for a variety of reasons (e.g., Hancock, 1987). For one thing, not all

empirical evidence is consistent with a U-shaped function of performance across

levels of arousal (Westman & Eden, 1996). Secondly, as Hockey (1983) and

Hancock and Warm (1989) argued, every stressor produces its own unique pattern

of effects on cognition and performance, making it unlikely to find an adequate all-

encompassing principle or theory. Further different stressors can interact, often

producing nonadditive effects on performance (e.g., Hygge & Knez, 2001). Evans,
Allen, Tafalla, and O'Meara (1996) examined the interactive effects of multiple,

sequential stressors on cognitive performance and psycho-physiological indices.

Subjects engaged in a relaxing or a h ghly stressful activity followed immediately

by performance of a task under quiet or noisy conditions. Results indicated that the

negative effects of noise on both concurrent and aftereffect performance and on BP
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wereexacerbatedby prior exposureto eithera lab stressor(makingaspeech)or to
anaturalisticstressor(collegefinal examination).Thirdly, theY-D law relatesonly
to arousalor systemactivationandnot to otherprocessessuchasinterferenceand
resourcedemandsthatmightalsobe influencedby stress.Finally, andperhaps
mostimportantly,Y-D law relatesexclusivelyto simplequantitativemeasuresof
goodnessof performance,e.g.,speedor accuracyof response.

It isclearthatstresscreatesqualitativechangesin theorganismandits
performance,aboveandbeyondthosecapturedby theY-D law. For example, at

some point, stress increments begin to degrade performance. Initial degradation is

graceful, that is, small and gradual reductions in performance as stress increases.

In extreme circumstances, the degradation in performance can be catastrophic,

with a stress increment causing a complete system failure (Norman & Bobrow,

1975, 1976). Different stressors and different levels of stress act upon cognitive

functions through different intervening states. There is need in a complete account

to develop a descriptive or explanatory system that reflects these qualitatively
different states.

We suggest that the concept of Stress State will help to elucidate the various
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ways in which stressful circumstances and feelings of stress influence human

performance. The Stress State figure shown above serves as a useful guide to these

effects. As previously noted, stress at low levels creates a state of facilitation.

Chappelow (1989) was able to show in an analysis of aircrew errors that cognitive
failures are often associated as much with under-arousal as they are with over-

arousal. He found that performance actually improved with a little stress in the

environment. At some point, stress for a given task and individual reaches an

optimal state or level. Performance can be maintained at supra-optimal levels of

stress if the performer can summon a higher motivational state, sometimes called a

state of strain or mobilization (see, e.g., Doerner & Pfeifer, 1993). But, as stress

increases even further, performance will eventually enter a state of degradation,

and the performer will find him or herself less capable of adequate responding.

Performance degrades, but in a relatively graceful manner (Norman & Bobrow,

1975). Extreme levels of stress produce more than simple or graceful degradation

in performance. Eventually, the effects of stress can become catastrophic. A

experimental example of catastrophic performance degradation with stress,

resulting in a choking or panic state, can be found in Lehner et al. (1997), These

researchers reported that. with extreme time pressure, subjects stopped using

decision making procedures they were instructed to use and reverted to more

familiar, more intuitive procedures, even though these procedures resulted in

inferior performance. These qualitatively unique stress states are not captured by

the Y-D law.

It is important to distinguish between choking and panicking, two extreme

kinds of performance degradation resulting from stress. Before elaborating on this

distinction, consider the following. When you first learn how to do a particular

task, like drive an automobile or play tennis, you think through each step in a

deliberate and conscious manner. You learn the task explicitly and your

representation of the task lies in an array of explicit memories. But, as you train

more and improve on task, responses become more automatic and come to require

less and less thought or attention. Performance becomes more fluid and skillful

and is often conscious only in retrospect. The learning at this point achieves an

implicit status and the representation of learned skill resides in implicit memory.

What you know about any task you have learned and practiced typically has

representation in both an implicit and an explicit memory system.

Choking is a form of performance degradation that involves an unintentional

transition from well-learned, highly practiced, essentially automatic action to a

more time consuming, controlled form of responding. This is a transition that

changes the basis of responding from an implicit to the explicit memory system.
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Theconsequenceof this transitionis often inferior,or at least slower pertbrmance.

Stress sometimes induces this transition, and that is what is meant by "choking

under pressure." When you revert to thinking about each step required by a

familiar task, you lose your fluidity. You begin to perform slowly and cautiously,

much as you did when just starting out to learn the task. You become a beginner

once again and often perform like one, relying on memories that often have not

been used in quite awhile. You are "overthinking'" the situation. In sports, this is

what coaches mean when they use the stock phrase "paralysis by analysis." A

player or the team fails because of over-analyzing the situation, rather than simply

reacting.

In one of a very few laboratory studies of choking, Beilock and Carr (2001)

investigated the performance of golfers. One group of participants was trained to

putt a golf ball with a video camera set up in front of them, under the instruction

that professional golfers would review and critique the tapes. This condition was

designed to adapt golfers to being in the spotlight, raising their self-consciousness

and increasing their attention to their own performance under scrutiny. A second

group was trained while listening simultaneously to a list of recorded words, under

the instruction to repeat the word "cognition" whenever they heard it. This

condition was intended to adapt golfers to being distracted while trying to putt. A

third group was trained under quiet, nondistracting conditions.

After extensive practice designed to develop a high level of putting skill,

participants took a test under both low- and high-pressure conditions. The idea was

to determine whether training under distracting or self-focus conditions would

improve golfers' ability to perform better under pressure than normal training

conditions. In other words, if you focus less than you normally would on the task

at hand, which might happen when distractions are present, or if you focus more on

the task, which might happen with greater self-awareness, does your pertbrmance

under pressure suffer? In the low pressure test (no secondary task, no video

camera, no audience), all three training groups performed equally well. In the high

pressure test, in which a significant amount of money was contingent of excellent

performance, the normal and the distraction training groups were significantly

inferior to the self-monitoring group and performed worse than they had during

training. The self-monitoring group actually performed better on the test than they

had during training.

People under pressure are more stressed, anxious, and aroused and more

self-conscious about their performance. Consequently, they try to exert greater

conscious control over their actions, rather than allowing the skill they had
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acquiredto guidetheir performanceimplicitly. Therearenumerousexamplesof
chokingdueto heightenedself-consciousnessor otherstressorsin thesports
literatureandfolklore, e.g.,GregNorman'scollapsein thefinal roundof the
Masters'Golf Tournamentin 1996or JanaNovatna'slastsetlossto SteffiGraf at
Wimbeldonin 1993. BeilockandCart (2001;seealsoBeilock,Calr,MacMahon,
& Starkes,2002)arguethattraining in anenvironmentin whichoneis forcedto
attendto performancefrom theoutsetcanimmunizetheperformeragainstthe
negativeeffectsof pressure.Golfers in theself-monitoringgroupwereprotected
from chokingbecause,duringtraining,theyhadadaptedto theimpactof conscious
self-awarenessandwereable,unlikeparticipantsin theothertwogroups,to rely
on implicit proceduralmemoriesto guidetheir performance.Theywerebetterable
to "go with theflow," undeterredby extraneousstressors.Without suchtraining,
choking is apossibleconsequenceof intensesocial,competitive,or other
pressures.

Panicis adifferent stressstate,andtypically resultsin a moresevereform of
performancedegradationthanchoking. Whenpanicoccurs,behaviorbecomes
primitive; if thepersonthinksatall, it is maladaptiveautomaticthinking (Katz &
Epstein,1991).Panicis notjust amatterof revertingto behaviorsthathadbeen
learnedearlieror to memoryrepresentationsin anexplicit form. Panicis
characterizedby anevenmorerudimentary,instinctivekind of behavioraimedat
survival. Ratherthan"overthinking"thesituation,apanickedpersonstops
thinking altogetherandis inclinedto reactin themostbasicway to getout of the
situationor to escapethestressor.Stressappearsto causeexplicit memoriesto
becomeunavailableor irretrievable.In apanicstate,short-termmemoryseemsto
ceasefunctioning. Thepersonjust freezes,thatis, fails to respond,respondsin an
automaticbutunskilledway,or revertsto primal instincts. Moreover,high
arousal,asunderstress,resultsin perceptualnarrowing(Easterbrook,1959). The
rangeof cuesorsourcesof informationalinputthatanorganismmightuseto
escapethesituationis reduced.Thepanickedindividualfocuses,indeedoften
obsesseson oneaspectof theenvironment,usuallyto theneglectof information
that couldeliminatethestressfulcondition. Theconsequenceis that,eventhough
thegoal is survival,performanceis functionallymaladaptive(Katz,& Epstein,
1991). To useanotherbit of sportsjargon,coacheshavebeenknownto refer to a
stateof panicas"brain lock." Thecognitiveperformancesystemis lockeddown.

Conditionsof panicarevirtually impossibleto createin thecognitive
psychologylaboratory.Thus,mostof whatweknow aboutpanicunderstress
comesfor casehistoriesandself-reports.Goodexamplescomefrom SCUBA
diving andskydiving. Skydivershavetwo parachutesandaretrainedsuchthat, if
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the primary chute fails to open, they should immediately pull the cord on the

secondary chute. There have been reported accidents resulting from a failure to do

so. People have been found dead or injured on the ground still clutching the cord

to the primary chute. Apparently, these victims pulled the cord for the primary

chute and, when it failed to open, panicked, continued to tug, but never thought

about the secondary parachute. Other poignant examples from piloting can be

found in Langewiesche (1998).

Panic is clearly a state to avoid, if one is to escape an emergency situation.

The question is, can we develop training routines that minimize the likelihood of

panic in situations that are susceptible to emergencies. On the basic research side,

we need to develop experimental paradigms, building on the work of Beilock and

Cart, that permit the establishment of choking and panic states under laboratory

conditions. There seems to be little evidence of that possibility at this writing.

Conclusions

There is a close relationship between stress and arousal. Stressful events are arousing,
causing attendant changes in states of the organism, in cognitive processes, and in peril)finance.
Of greatest relevance to behavior in emergencies are the stress states of (1) strain or
mobilization, wherein the person recruits untapped resources to maintain performance levels
when arousal is supra-optimal, (2) degradation, wherein mobilization fails and performance
suffers but only gradually, (3) _, wherein performance might fail as the organism over-
thinks the tasks at hand, and {4) _, wherein performance reverts to non-cognitive primitive
modes of behavior. Research has established the basic parameters of these states, but little is
known in detail about situations and individual differences that are conducive to them or about

the cognitive difference among them. This fertile ground for future empirical research.

Appraisal

Lazarus ( 1990; see also Lazarus & Folkman, 1984) developed a

comprehensive cognitive model of behavior in response to stress. That model is

based on the fundamental assumption that a potentially stressful life episode does

not actually create stress unless it is appraised as threatening. That is, the ways

people think about situations determine how they respond emotionally and how

they cope with those situations.

As reasonable as it might sound, many of Lazarus's postulates have received

little empirical attention, and some of the existing research has yielded

contradictory findings. For example, Zakowski, Hall, Cousino-Klein, and Baum

(2001) conducted a longitudinal study to clarify the associations among feelings of
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control, appraisal, coping, and stress. Lazams's theory postulates that coping

strategies tend to match the level of appraised controllability of the stressor

(matching hypothesis). Recall that Hammond's (2000) theory contains a related

postulate to the effect that a match between strategy and task renders a situation

non-stressful. An alternative to Lazarus's expectation is the main-effects

hypothesis, which states that problem-focused coping is generally more effective in

reducing distress regardless of appraisal. These hypotheses were tested by

Zakowski et al. with 72 adults who completed questionnaires on coping, control,

and appraisal. Stress was assessed using both a self-report and a behavioral

measure at two different times approximately 2 months apart. The matching

hypothesis was consistent with both self-report and behavioral measures of stress,

giving some of the strongest evidence for appraisal theory yet reported.

Mathews and MacLeod (2002) argued that appraisals can be readily induced

or changed by laboratory manipulations. Induced biases (or appraisals) affect felt

anxiety when they influence how emotionally significant intbrmation is encoded

by a participant. Biases and appraisals affect vulnerability to anxiety via their

influence on how stimuli are processed or interpreted. Mathews and MacLeod

argued that it is relatively easy to set someone up for an anxiety attack by giving

him or her the right orientation toward or appraisal of up-coming events or
intbrmation.

The cognitive appraisal model also predicts that a person's interpretation of

an event affects the intensity of his or her reaction to it. A study by Zohar and

Brandt (2002) shows that, in cases involving a variety of possible stressful factors,

the most salient stressor governs appraisal, not the summation of stressors or any

other interaction of stressors. The condition perceived to be most important

captures attention and takes control of how the person appraises and subsequently

responds to the situation.

Anticipation of a stressful event, such as a parachute jump or piloting a

plane, often includes a great deal of uncertainty. There might be a large number of

unknowns, and emotions can range from extreme negative (worry, fear, anxiety) to

positive (hope, eagerness, exhilaration). Skinner and Brewer (2002) studied the

emotional feelings experienced during this anticipation period by students

preparing for a college examination and certain other stressful events, particularly

as they relate to the participants' appraisals of the event as a challenge or a threat.

Compared to threat appraisals, challenge appraisals were associated with better

emotion-coping styles, more positive emotional feelings, and greater confidence

about performance. Moreover, participants who viewed the up-coming event as a
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challengeperformedsignificantlybetteron thattask. Becausecopingstyles,
appraisals,andemotionalfeelingswereestablishedin advanceof theeventitself,
theyall appearto havesignificantrolesin mediatingor determiningperformance.

Ennis,Kelly, Wingo, andLambert(2001)hypothesizethat subjects'
appraisalof a taskor situationcausesdifferentialelicitationof neuro-endocrine
activity. Theydeterminedthat,if a subjectseesanacademicexamasathreat,
sympatheticneuro-endocrineactivity (measuredin urine) increasesbeforethe
event,relativeto subjectswho seetheexamasachallenge.Duringor afterthe
exam,activationdropsandthereis nodifferencebetweenthethreatandchallenge
groupsin posttestmeasures.Overall,Ennisetal. foundapositivecorrelation
betweenself-reportsof anxietyandadrenomedullaryactivity. Theauthors
conclude,consistentwith Lazarus'smodel,thatappraisalmediatesnotonly
behaviorbut alsocertainbiologicalcomponentsof thehumanstressresponse.

Rohrmann,Hennig,andNetter(1999)usedadifferentapproach,but came
basicallyto thesameconclusionasEnniset al. Rohrmannet al. demonstratedthat
psycho-biologicalreactionsto thestressof publicspeakingcanbemanipulatedby
giving participantspre-speechinformationregardinghowto appraisethestateof
their body. Duringananticipationperiodbeforeaspeech,subjectsweregiven
eitherno information(in thecontrolcondition),weregiveninformationto the
effect thattheywerepsychologicallyarousedandnervous(in anarousal
condition),or thattheywerepsychologicallycalmandrelaxed(in areassurance
condition). Heartrate(HR), BP,cortisol levels,andelectrodermalresponseswere
highestin thereassuranceconditionandlowestin thecontrolcondition. Felt
emotionalstressreactions,in contrast,werehighestin thearousalcondition and
lowestin thereassurancecondition. Somaticarousalwasgreaterthanfelt emotion
in thereassuranceconditionwhereasfelt emotionwashigherthansomaticarousal
in thearousalcondition. Theauthorsconcludedthatdifferentappraisalsand
consequentlydifferent copingstyleswereinducedby pre-training. Thearousal
conditioninduceda copingstyle thatsensitizesthesubjectto thestateof hisor her
body; in contrastthereassuranceconditioninduceda morecognitivestyleof stress
reduction. In anycase,establishingawayof appraisingapotentially stressful
situationmediatedpsycho-biologicalreactionsto andperformanceduring the
event.

Prior to afilm depictingthreeseriousfactoryaccidents,Danboyand
Goldstein(1990)instructedsomesubjectsabouthowto takeandmaintaina
detachedattitude- intellectualizinginstructions- while othersweremerelytold
aboutthecontentof theup-comingfilm. Intellectualizingsubjectsdemonstrated
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lessself-reportedstressandlowergalvanicskinresponses(GSRs).All subjects
werelessaccurateona memorytestfor accidentrelatedasopposedto non-
accidentrelatedaspectsof thefilm. Thus,howyouappraisethefilm or theevents
it depictscontrolsto somedegreetheemotionthefilm provokes,a resultwhich is
consistentwith Ennis,et al. (2001) and Rohrmann, et al. (1999), although in a
different context.

Larsson (1989) reported a study of the performance of Swedish military

personnel on an artillery simulator, under conditions of calm, noise, and noise plus

27 hrs sleep deprivation. Apprising the task as a challenge was associated with

positive coping and better performance, relative to a threat appraisal, under all

conditions. But performance degraded with increased stress and negative coping

increased with increased stress. Those subjects who were high in achievement

motivation were more likely than those subjects who were low in achievement

motivation to appraise noise and sleep deprivation as challenging and to use coping

strategies that were positive and action oriented. Positive coping strategies tended

to counteract the adverse effects of stress. Similar results were reported with

college students by Wallbott and Scherer (1991).

Conclusions

There is a fair amount of agreement in the current literature on appraisal and stress. First,

cognitive appraisals play a significant mediating role in biological reactions to stress. Second,
performance outcomes depend in part on whether the subject appraises the situation as a
challenge or a threat. Third, appraisals tie into coping styles such that challenges are associated
with positive and more successful coping styles whereas threats are associated with negative
styles. But the picture is not completely clear. It might be that. in all the experimental situations
explored to date, more competent people are more likely to view any situations as a challenge
rather than a threat. If this is the case, then better coping and better performance naturally follow
from challenge appraisals. Because, as yet. no one has been able to create a way of separating
conceptually appraisal from competence, we are left with basically a correlational result and
without a clear picture of the cause-effect relationships that are involved.

Attention and Perception

It is clear that stress, especially acute stress, has important effects on

attention and perception. But the effects are quite irregular, and depend in serious

ways on the qualitative features of the stressor. Different stressors have different

effects on performance. One stressor might cause shifts in attention or a failure to

inhibit irrelevant stimuli, while another stressor causes a lapse of attention or

attentional narrowing in the same task.
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Inhibition and Attention

Given that the effects of stress on attention can be unpredictable, still there

are some results that are general, systematic, and reliable. One example is the

latent inhibition (LI) effect. Pre-exposure to a stimulus reduces the utilization and

the learning of that stimulus on some later occasion. This LI phenomenon is

typically attributed to a reduction in attention to stimuli caused by their pre-

exposure in another task. When stress is present in the learning or test phase,

however, latent inhibition is reduced or eliminated. Attention to the stimulus is not

affected by pre-exposure and learning involving the pre-exposed stimulus is as

good as if the stimulus was novel. Stress was induced in one experiment

(Braunstein-Bercovitz, Dimentman-Ashkenazi, & Lubow, 2001) by threats to self-

esteem in a difficult number series completion test said to be related to

intelligence. In a second case studied by the same authors, the LI task was

described as a part of the selection process to job seekers. LI was attenuated in

both experiments in high as opposed to low stressed subjects. Thus the results

show that stress impairs the inhibition of irrelevant pre-exposed stimuli.

Is proneness to anxiety associated with impaired inhibitory, processing?

Participants in a series of experiments reported by Wood, Mathews, and Dalgleish

!2001) made speeded decisions which required inhibition of the meaning

(threatening or neutral) of ambiguous words. Under normal conditions, they found

that anxious and non-anxious participants perform equally well in this task.

However, when a mental load was induced to reduce controlled processing,

anxious subjects did not inhibit word meaning as well as non-anxious subjects. In

a final experiment, attenuation of inhibition was demonstrated even without mental

load in subjects who had recently experienced a traumatic event.

Keinan, Friedland, Kahneman, and Roth (19991) reported similar stress

effects with both college students and navy personnel using a variety of cognitive

tasks, including arithmetic, estimation, number series, and analogies. In the

number series and analogies tasks, both of which required the inhibition of

competing responses, but not in the other tasks, performance was poorer in the

high than in the low stress condition. These authors concluded that stress

heightens the difficulty of suppressing or filtering out competing responses.

Mogg, Bradley, and Hallowell (1994) tested high and low trait anxious

students for attentional bias to threat stimuli (words) under no stress, laboratory-

induced stress, and natural examination-induced stress. High anxious subject
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showedanattentionalbiastowardthreatwords,but only whenthosewordswere
presentedfor longduration,without amask,andunderexaminationthreat.
Anxiety sensitizedthesubjectto threatmainlywhentheinducedanxietyis
somewhatprotracted.

Measuredlevelsof stresshormonesareconsistentwith theabove-
demonstratedeffectsof stresson inhibitory processes.Skosnik,Chatterton,
Swisher,andPark(2000)inducedmild stressinto theverbalprimingparadigm
usinga videogame. Stressreducednegativepriming,a measureof inhibition
processes,andalsoincreasedsalivarycortisolandalpha-amylase(acorrelateof
norepinephrine).

So,bothchronicanxiety,asin trait anxioussubjects,or acuteanxiety,asin
trauma,is associatedwith ageneraldeficit in inhibition of attention,andis best
revealedwhenlimitationsareplacedoncontrolledprocessing,forcing subjectsto
rely moreheavilyonautomaticreactions.Behavioralandphysiologicalmeasures
areconsistentwith changesinducedby stress on inhibitory processes. These

results imply that, in a natural emergency, when stress is high, there is need to be

concerned about an operator's ability to focus on the relevant information in the

task at hand and to inhibit irrelevant sources of input.

Perception and Cue Utilization

Based on a review of the early literature on arousal and attention,

Easterbrook (1959) concluded that stress, anxiety, or high arousal can narrow the

range of environmental cues utilized, shrinking one' effective perceptual space.

This idea has been expanded by Cowan (1999) in a theoretical analysis of working

memory. Among other things, Cowan draws a sharp distinction between

attentional processes, which in his view are basically capacity-limited, and

working memory, (the activated portion of long-term memory in his theory), which

is basically time-limited. Thus, consistent with Easterbrook, Cowan predicts that

the effects of stress on attention are to limit its scope or content. People attend to

and process less perceptually-available information when they are stressed. In

contrast, the effects of stress on memory are to limit its time extension. Such an

expectation is consistent with the memory constriction hypothesis that we develop

in this report. Since Easterbrook's publication, there have been numerous

demonstrations of an attentional deficit under stress, in and outside of the

laboratory. For example, Ozel (2001) found that time pressure and the stress

created by the threat of fire affects how people process information provided to

them about the right route to take to escape. Slight stress was beneficial to escape
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performance,but higherlevelsof stressnarrowedtherangeof environmentalcues
attendedto or processedandincreasedtheuseof negativecopingstylesby
participants.Escapeperformancesufferedasaconsequence.

Vigilance

Performance in a vigilance task, which requires the detection of

infrequent stimuli, degrades in time, a phenomenon known at the vigilance

decrement (Mackworth, 1950). Galinsky, Rosa, Warm, and Dember (1993)

observed that restlessness and subjective fatigue, both indices of stress, increased

dramatically across a 50-min watch in a vigilance task in which sensory modality of

signals (audition and vision) and the background event rate (5 and 40 events/min)

were varied. Stress effects were most notable in the case of visual monitoring but

were unrelated to variations in event rate. Thus, the stress of sustained attention

seems to be identified more specifically with the sensory modality of signals than

with the event rate context in which they appear. Temple, Warm, Dember, Jones.

LaGrange, and Matthews (2000) observed that 30 mins or more of sustained

vigilance produces not only a performance decrement, but also increases in felt

workload and stress. Stimulant drugs, like amphetamine sulphate or caffeine.

extraneous auditory stimuli, and other arousing agents should enhance vigilance and

counteract the deterioration in vigilance performance that occurs with the passage

of time. Temple et al. (2000) found evidence that ingestion of caffeine during the

task improved vigilance and signal detection but did not reduce task-induced stress.

Lavine, Sibert, Gokturk, and Dickens (2002) examined concurrent eye

movements and human performance during a vigilance task designed to require

frequent visual scanning. Stimuli were 4 digits in a rectangular array, changed at an

event rate of 4 s for a task duration of 30 min. Participants were asked to respond to

specific, infrequent signal arrays by bar press, under both 50 dBA white noise and

90 dBA intermittent and unpredictable sound-burst conditions (SBC). With time-

on-task, subjective fatigue ratings increased, the total duration of fixations on target

digits decreased, number of fixations decreased, and fixations were further from

target digits in both conditions. Thus, the usual vigilance performance decrement

was replicated. Fixation duration did not change significantly with time or

condition. Off-target visual scan-paths were less frequently followed by hits than

were on-target scan-paths in both conditions. With the SBC, fixations were closer to

target digits and hit rates increased, suggesting that background stimuli with a

potential alerting function can help to offset the vigilance decrement.

Conclusions
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Both chronic anxiety, as in trait anxious subjects, or acute anxiety, as in trauma, produce
a general deficit in a person's ability to inhibit irrelevant stimuli. The effect is most clearly
revealed when limitations are placed on controlled processing, l\)rcing subjects to rely more

heavily on automatic reactions. These results imply that, in a natural emergency, when stress is
high, there is need to be concerned about an operator's ability to locus on the relevant
information in the task at hand and to inhibit irrelevant sources of input. This effect of stress on

inhibitory processes is similar to and likely related to Easterbrook's finding that the range of cues
perceived and attended to shrinks under stress or high arousal. Other evidence shows that the
ingestion of stimulants can be effective in offsetting the vigilance decrement as can the aperiodic
occurrence of irrelevant or background stimuli, if they have some degree of alerting function.

Memory

As we have noted earlier, cognitive psychology is currently concerned

with a variety of forms of memory. One important distinction applies to the

temporal character of information retrieved from memory. This distinction is

based on a continuum from the remote past - retrospective long term memory - to

the present or near present - short term memory and immediate or working

memory - to the future - prospective memory. Long-term memory is theoretically

a repository for facts and skills acquired in the past. Short term and immediate

memory holds facts and skills that are currently at the focus of attention.

Prospective memory contains reminders of actions to be executed at some future

time and place. The important variables influencing memory might not the same

in all three cases. One variable that seems likely to be influential is stress.

Stress effects have been studied in the context of various forms of memory,

although the experimental data available are surprisingly few. There are no data

comparing different forms of memory for their relative susceptibility to stress. The

evidence that is available seems to suggest that stress, in general (including stress

arising in emergency situations), causes the operator to focus on the here-and-now,

with consequent potential degradation of retrospective and prospective memory

performance. The results are consistent with a memory constriction or tunneling

hypothesis to the effect that the time span from which knowledge can easily be

retrieved and used in a given context shrinks as stress level increases. Neglect of

facts or procedures in long term memory, and failure to execute required behaviors

at appointed future times is a major reason for performance errors or failures in

emergencies. Although memory tunneling has been observed in the retrieval of

autobiographical events (Berntsen, 2002), empirical evidence to support this broad

stress/memory hypothesis is weak. The hypothesis could, however, serve a
framework for future research efforts.
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General Stress Effects on Memory.

As we have shown in other sections of this report, a variety of stressful

conditions impede a variety of memory measures. For example, Gomes, Martinho-

Pimenta, and Castelo-Branco (1999) showed a significant impact of stressful noise

on immediate verbal memory. Fowler, Prlic, and Brabant, (1994) reported a

similar effect of hypoxia on the executive function of working memory. Mandler

(1979) was one of the first cognitive psychologists to speculate theoretically about

the effects of stress on memory. Stress produces noise in the cognitive system,

according to Mandler, which competes with task demands for limited cognitive,

that is, conscious resources. Recall that a similar proposition about noise in the

cognitive system, generated by stress, was made by Van Gemmert and Van Galen

(1997). Thus, in Mandler's theory, those memory processes that rely on conscious

elaboration of input and representations, namely explicit memory processes, should

be especially degraded by stress. To date, there has been no clear test of this

hypothesis. It is not inconsistent, however, with the memory constriction

(tunneling) hypothesis describe earlier, in the sense that focusing on the here and

now necessarily requires explicit memory while longer term recall and prospective

recall might not.

As we shall discuss in detail later, Van Overschelde and Healy (2001) have

shown empirically that one mechanism for coping with and reducing the stress that

information overload engenders is to provide connections between new facts to be

learned under stress and an existing knowledge base. The general principle is that

the acquisition and retention of new, factual information is facilitated whenever

that new information can be linked to existing knowledge. The mechanism

underlying this strategic-use-of-knowledge principle is based on the provision of a

retrieval strategy supported by factual information that already exists in long-term

memory. This idea is an extension of the theory of long-term working memory

(Ericsson & Kintsch, 1995), which has been used, for example, to account for text

comprehension and for expert-level performance in memory-span tasks. This is

still another hypothesis that should be testable empirically, although it has not been

examined in the literature to our knowledge.

Another approach to the role of working memory in the explanation of stress

effects is represented by the work of Ashcraft (2002; see also Ashcraft & Kirk,

2001). People with high math anxiety have a reduced working memory capacity

according to Ashcraft. Because working memory is required by many arithmetic

and mathematical tasks, math anxious subjects perform more poorly on these tasks
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than low anxioussubjects. This leadsto thepredictionthat,if workingmemory
canbe limited artificially in non-anxioussubjects,their performanceoncalculation
tasksshouldsimilarly beadverselyaffected. By introducingaconcurrenttask
with working memorydemandsor by stretchingworkingmemoryby primary task
demands,Ashcraftwasableto showeffectsonperformancesimilar to those
observedin highmathanxioussubjects.Ashcraft'sconclusionis thatstressexerts
its effectsprimarily by reducinga person'sworkingmemorycapacity.Sucha
result,if replicable,mightbeinconsistentwith thememoryconstrictionhypothesis,
describedabove,in thesensethatmemoryconstrictionimplies a greater effect of

stress on retrospective and prospective memory, than on working memory. Studies

comparing various forms of memory under stress are needed to decide between

these hypotheses. Any task that requires explicit learning and/or memory

processes should be especially liable to stress effects, according to Ashcraft.

Conclusions similar to those of Ashcraft have been reached by Eysenck

( 1992, 1997; see also Eysenck & Calvo, 1992). Moreover, in a recent review of

research on working memory, Miyake and Shah (1999) identified emotion, stress,

and especially anxiety as a major modulating factor of working memory capacity,.

They suggest that, in various ways, stress limits the time scope of memory. But.

after searching the literature, they concluded that insufficient empirical data have

been collected on the problem and recommended further research to identify what

aspects of working memory (e.g., maintenance, executive control, content) are

influenced by anxiety and other emotional factors. Why should working memory

capacity be reduced under stress? Matthews (1996) argues that "worries," daily

hassles, and/or intrusive thoughts tend to occupy more space in working memory

among high anxious than among low anxious subjects, limiting the available

working memory space in high anxious subjects for the calculations that their

primary task requires (see also Dudke & Stoebber, 2001). There is some evidence

that a stressful event, itselL can cause lingering intrusive thoughts (see below), but

little data at present to support Matthews's "worries" hypothesis.

A caution. Studies of stress and memory must take account of state and

context dependency effects. That is, it has routinely been shown that performance

in a retention test is better if the state of the subject and/or the context in which the

test is administered are the same as the state and context of original learning.

Although stress might exert adverse effects on both encoding and retrieval

processes, there is some possibility that changing the stress state of the organism

between the times of learning and retention, from stress to no stress or from no

stress to stress, will have its own adverse consequences. But, other things being

equal, recall performance will be better if tested under the same state, stress or
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non-stress,aspresentduringencoding.Lang,Craske,Brown,andGhaneian,
(2001)demonstratedthisphenomenonin awordrecall taskusing inducedstatesof
both fearandrelaxation.But,moststudiesof stressandmemoryin thecurrent
literatureignorethesedependencies,usuallytestingthesubjects'memoryunder
stressfor informationor skill acquiredundernon-stressfulcircumstances.This is a
seriouslimitation on theusefulnessof thecurrentstress/memoryliterature,and
mustbecorrectedin futurework.

Memory_ for emotion-arousing stimuli. There is conflicting evidence in the

literature regarding memory for emotionally arousing stimuli. As we noted earlier,

most studies have reported that memory is better for either pleasant or unpleasant

material than it is for emotionally neutral material. But there are exceptions.

Further, some investigations have, reported that traumatic stimuli, like autopsy

photos, can inhibit memory for simultaneously presented neutral material (see, e.g..
Kramer Buckhout, Fox_ Widman, et al, 1991). Whether these differential

observations should be attributed to differing methods of presenting materials and

measuring memory or to the degree of emotion provoked by the stimulus material

is not clear at the present time.

Lang, Davis, and Ohman (2000) attempted to explicate what is special about

memory for emotional information, emphasizing the neural foundations that

underlie the experience and expression of fear. They proposed that unpleasant

emotions depend on the activation of an evolutionarily primitive subcortical

circuit, including the amygdala and the neural structures to which it projects. This

motivational system mediates specific autonomic (e.g., HR change) and somatic

reflexes (e.g., startle response) that originally promoted survival in dangerous

conditions. These authors show how variations in the neural circuit and its outputs

may separately characterize cue-specific fear (as in specific phobia) and more

generalized anxiety. Emphasizing links between animal and human data, these

authors focus on certain special, attentional features of emotional processing,

including: (1) The automaticity of fear reactions, (2) hyper-reactivity to minimal

threat-cues, and (3) evidence that the physiological responses in fear are

independent of slower, deliberate language-based appraisal processes. This last

difference accounts, in their view, for the special character of and better memory

for emotional as contrasted with neutral information.

Cortisol and other Neuro-biological Considerations..

Cortisol is a stress hormone that readies the body to fight or for flight.

Among other things, cortisol stimulates the secretion of intracellular glucose into
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theblood,whichallows longerandmorevigorousandsustainedresponding.
Althoughthemechanismis lessclear,it is alsoknownthatambientcortisol levels
canaffectcognition. For example, al'Absi, Hugdahl, and Lovallo (2,)02) showed

that participants who had a large cortisol responses, i.e., acutely elevated levels of

cortisol, during mental arithmetic and public speaking tasks, performed better 30

mins later on a dichotic listening task, compared to those who had low cortisol

responses. Dichotic listening requires sustained focused attention to external

stimuli, and sustained attention is known to engage the executive processes of

working memory. Thus, it is of great interest that working memory depends on

adequate functioning of the dorsolateral prefrontal cortex (Smith & Jonides, 1999),

an area richly supplied with corticosteroid receptors and corticotropin-releasing

factor terminals. It has been argued that these studies imply that emotional

dispositions, possibly even more than environmental circumstances, are crucial in

how one responds behaviorally to stress (Kosslyn, Cacioppo, Davidson, Hugdahl,

Lovallo, Spiegel, & Rose, 2002).

As noted above, there is evidence that stress has effects on both encoding of

new memories and retreival of old memories. But what about memory storage, the

process of holding memories after encoding for later use in retrieval tests'? For

several decades, the concept of modulation of storage has significantly influenced

research investigating neurobiological memory mechanisms in animals. New

evidence provides additional support for the view that stress hormones released

during emotionally arousing situations can influence memory storage. Recent

experiments have investigated the role of sympathetic adrenomedullary hormones

in emotional memory in human beings, as well as the role of adrenocortical

hormones, primarily in animal studies. Further, it is becoming increasingly clear

that the sympathetic adrenomedullary and the pituitary adrenocortical systems

interact to modulate memory storage. Other new evidence emphasizes the role of

peripheral influences to the brain on emotional memory, as well as the critical

contribution of the amygdaloid complex in modulation of memory by emotional

arousal. For a review of this literature, see Cahill and McGaugh (1996).

Glucocorticoids (GCs), produced by the stress-responsive hypothalamic-

pituitary-adrenal axis, are well recognized for their regulatory role in peripheral

metabolism. But GCs are also known to regulate various brain functions, involved

in human cognition (Cahill & McGaugh, 1996). Increased GC exposure in human

beings at levels associated with stress has most often been found to decrease

memory and learning function (see below). Evidence of these effects in adult

human beings and animals has been reviewed by Hefflinger and Newcomer

(2001). As an aside, these authors pointed out that less is know about cortisol and



StressandCognition 48

memoryin childrenandolderpeoplethanin adolescentsandadults. But Cahill
andMcGaugh(1996) have speculated that cortisol levels can, in some

circumstances, enhance memory function. Buchanan and Lovallo (2001)

attempted to test this idea and to extend findings with animals to human memory

performance. Following administration of cortisol or placebo, college aged

participants were exposed to pictures varying in emotional arousal. Incidental

memory for the pictures was assessed one week later. Results showed that elevated

cortisol levels during memory encoding enhanced the long-term recall performance

of emotionally arousing pictures relative to neutral pictures. It is not clear why

cortisol should selectively support memory for emotion provoking stimuli. But in

general the results suggest that cortisol secretion can have beneficial cognitive
effects in some circumstances. Note that Buchanan and Lovallo failed to control

for state dependency, which once again prevents a clear interpretation of the role of

stress (or cortisol) in encoding vs. retrieval processes.

Most of the recent literature with human subjects is not consistent with the

results of Buchanan and Lovallo (2001), and more in line with the adverse effects

of elevanted cortisol claimed by Hefflinger and Newcomer (2001). For example.

Kirschbaum, Wolf, May, Wippich, et al. (1996) reported two experiments on the

association between cortisol levels and memory in healthy human adults. In the

first study, subjects were exposed to the Trier Social Stress Test with a subsequent

test of declarative memory performance. Results indicated a significant negative

relationship between stress-induced cortisol levels and performance in the memory

task. The second experiment investigated whether cortisol alone, independent of

psychological stress, would also impair memory function. Male Ss received either

10 mg cortisol or a placebo orally. One hour later they were tested for procedural

and declarative memory and spatial thinking. Subjects who received cortisol

showed impaired performance in the explicit declarative memory and spatial

thinking tasks although not in the implicit procedural memory task. Accordingly,

their results suggest that, in healthy adults, elevated free cortisol levels may be

associated with impaired explicit memory function, that is, functions that require

conscious awareness and an important role for working memory, but not functions

that operate automatically.

Wolf, Schommer, Hellhammer, McEwen, Kirchbaum, (2001)) reviewed

epidemiological and experimental studies and found that elderly subjects are

especially susceptible to memory impairing effects of elevated cortisol levels,

postmenopausal women more so than elderly men. They noted further that, on the

whole, little is known about gender differences in susceptibility to acute stress in

young subjects. Therefore,Wolf at al (2001) conducted a study of healthy college
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studentswho learneda word list, with recallbeing testedafter a brief distraction
task. Someof their subjects learnedthe list after exposureto a psycbosocial
stressor,while the remaining subjects served as controls. Free cortisol was

determined via saliva samples taken before and 10 mins after stress. Subjects

exposed to the stressor, did not show impaired memory performance per se when

compared to the control group. However the size of the cortisol increase in

response to the stressor was negatively correlated with the memory performance

within the stressed group (i.e., subjects showing a larger cortisol response recalled

fewer words than subjects showing only a small cortisol increase). Additional

analysis by Wolf et al. (2001) revealed that this correlation was high in men and

nonexistent in women. The data suggest that gender might modulate the

association between cortisol and memory after stress.

Newcomer, Selke, Melson, Hershey, Craft, Richards, and Alderson, (1999)

reported an experiment in which participants were given 1 of 2 oral hydrocortisone

doses or a placebo. Paragraph recall was used as a measure of verbal declarative

memory. Results indicate that several days of exposure to cortisol at doses and

plasma concentrations associated with physical and psychological stress in human

beings decreases verbal declarative memory function in otherwise healthy human

beings. Another related result was reported by Vedhara, Hyde, Gilchrist,

Tytherleigh, and Plummet, (2000), who conducted an investigation to explore the

relationship between acute changes in cortisol and memory and attention in the

context of an acute naturalistic stressor, namely, examination stress in college

students. Assessments of self-reported levels of stress, salivary cortisol, short

term memory, selective and divided attention, and auditory verbal working

memory were conducted during a non-exam and an exam period. The results

revealed that the exam period was associated with an increase in perceived levels

of stress, but also a significant reduction in levels of salivary cortisol, compared

with the non-exam period. This reduction in cortisol was associated with enhanced

short-term memory (as measured by the total number of words recalled in a free

recall task), impaired attention and an impairment in the primacy effect (a

hippocampal-specific index of short term memory), but no significant effects on

auditory verbal working memory.

Further confusing the picture is a study reported by Lupien, Gillin, and

Hauger (1999) who measured the effects of various doses of hydrocortisone on

performance in tasks assessing working and declarative memory function. During

the infusion period, participants were given an item-recognition working memory

task, a paired-associate declarative memory task, and a continuous performance

task used to control possible concomitant effects of corticosteroids on vigilance.
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The results revealedsignificant acutedegradingeffectsof the highest dose of
hydrocortisoneon working memory function, without any significant effect on
declarative memory function or arousal-vigilanceperformance.These results
suggestthat working memory is more sensitivethandeclarativememory to the
acuteelevationsof corticosteroids,which could explainthe detrimentaleffectsof
corticosteroids on acquisition and consolidation of information, sometimes
reported in the literature (Cahill & McGaugh, 1996). Taken as a whole, the

available data support the unsatisfactory conclusion that cortisol modulates

cognitive processes, but in a highly selective manner

The results of Wolf et al., Vedhara et al, Newcomer et al., and Lupien et al.

all appear to be inconsistent with Buchanan and Lovallo's finding of cortisol

support for retrospective memory of emotion-arousing stimuli. More data will be

required to reconcile this discrepancy. Of course, one possible explanation is that

various researchers induced or measured cortisol levels at different points on the

Yerkes-Dodson function. Thus, Buchanan and Lovallo's data might to attributable

to a relatively low cortisol level in their subjects, thereby facilitating performance

on the upward rise of the Y-D function, while other researchers induced or

measured higher levels of cortisol, beyond the optimum on the Y-D function.

More than anything else, this possibility demonstrates how slippery the issue is and

how the Y-D principle can be used to explain almost any outcome. Further

complicating the picture is the fact that none of these experiments took account of

possible state dependency effects. Thus it remains unclear whether the effects of

elevated cortisot levels, whether facilitative or adverse, are the same on encoding

and retrieval processes in memory.

According to de Kloet, Oitzl, and Joels (1999), some of the discrepancies

reported in the memory literature as regards the role of corticosteroid hormones

might be explained by appealing to the specific role of both mineralocorticoid and

GC receptors in the various stages of information processing. Corticosteroid effects

on cognition can turn from adaptive into maladaptive when actions via the two

corticosteroid-receptor types are imbalanced for a prolonged period of time. But

before we should accept the de Kloet et al. claim, or any other possibility that relies

on biological explanation, experiments with proper control and manipulation of

cortisol levels and state dependencies in encoding and retrieval will need to be

conducted and reported.

Context and State Dependency involving Stress.



Stress and Cognition 51

One of very few studies to take account of state and context dependency

effects in memory was conducted by Thompson, Williams, L'Esperance, and

Cornelius (2001). In the first of two experiments, experienced skydivers learned

word lists prior to skydiving either in the air or on the ground and recalled them in

the same context or in the other context. The second experiment was a replication

of the first except that participants were shown a skydiving video in lieu of actual

skydiving. Recall was poor in air-learning conditions with actual skydiving,

whether learning took place in the air or on the ground. But when lists were

learned on land, recall was higher in the matching context than in the mismatching

context. In the skydiving video experiment, recall was higher in matching learn-

recall contexts regardless of the situation in which learning occurred. It is proposed

then that under extremely emotionally arousing circumstances, environmental

and/or mood cues are unlikely to become encoded or linked to newly acquired
information and thus cannot serve as cues to retrieval. Context and state

dependency effects are real, but might be overridden when emotions are extreme.

Results can be applied to understanding variations in context-dependent memory in

occupations in which the worker experiences considerable emotional stress while

learning or recalling new information. But the main point is that these dependency

effects must to be taken into account in all future experiments purporting to study

stress and memory.

Other Considerations

False memories. Payne, Nadel, Allen, Thomas, and Jacobs (2002)

demonstrated that stress can enhance a person's susceptibility to false memories.

In a recall task, participants' ability to distinguish words that were presented for

study from critical lure words that were semantically related, but not presented for

study, was selectively disrupted. This finding indicates that stress potentiates false

memories. An argument was made by the authors that this effect is mediated

through the impact of stress on the hippocampus and prefrontal cortex, but this

interpretation is an extreme extrapolation from the data, which contained no

measurements of brain activity.

Intrusive thoughts. Not only does stress affect and often limit memory, but

also memories of stressful events can provide a basis for intrusive thoughts,

resulting in persistent, protracted, lingering, or chronic stress - a kind of vicious

circle (Baum, Cohen, & Hall, M, 1993). Intrusive thoughts have been identified as

key elements in chronic or traumatic stress and the post-traumatic stress syndrome,

but many questions remain about how they operate and what causes their

persistence over time. Schooler, Dougall, and Baum (1999) considered these
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questions,examiningtheimpactof havingintrusivethoughtsthatarecuedby
stimuli in one'senvironmentasopposedto non-cuedintrusionsthatseemto "come
out of theblue."This researchevaluatedtheextentto whichdistressaccompanying
intrusivethoughtsshortlyafteratraumaticeventpredictspersistenceof intrusions
over time.Rescueworkerswhorespondedto thecrashof Flight 427werestudied
4-8 weeks,and6, 9, and 12monthsafter thedisaster.Participantswho reported
crash-relatedthoughtsthatwerenot promptedby cuesshowedhigherlevelsof
distressthanthosereportingonly cuedthoughtsor thosereportingneither.The
magnitudeof distressthatthesenon-cuedthoughtscausedin thefirst 2 months
afterthecrashwasimportantin predictingsubsequentfrequencyof unwanted
thoughts.Matthews(1996)hasarguedthatintrusivethoughtsandother"worries"
occupyspacein workingmemory,thus limiting pertbrmancein tasksthatrely on
workingmemory. But, at this time, noonehasreportedanysolidevidenceto
supportthedetrimentaleffectsof intrusivethoughts,whethercuedor non-cued,on
subsequentcognitivetaskpertbrmance.

A Memory Constriction Hypothesis

As noted earlier, one important distinction in contemporary memory

research and theory applies to the temporal focus of information to be retrieved

from memory and used. This distinction is based on a continuum from the remote

past - retrospective long term memory - to the present or near present - short term

memory and immediate or working memory - to the future - prospective memory.

The effects of important variables, including stress variables, might not be the

same in all of these cases. Somewhat surprisingly, the data available on possible

differences are surprisingly skimpy. Moreover, there are few systematic studies of

stress on memory over a wide range of stress values. To our knowledge, there are

no direct comparisons of retrospective, working, and prospective memory under

stress. What evidence is available seems to suggest that stress typically causes the

performer to focus on the here-and-now, with consequent degradation in

retrospective and prospective memory. The results are consistent with a memory

constriction or tunneling (Bernsten, 2002) hypothesis to the effect that the time

span from which knowledge can easily be retrieved and used in a given context
shrinks as stress level increases. Neglect of facts or procedures in long term

memory, and failure to execute required behaviors at appointed future times might

be a major reason for performance errors or failures in emergencies. Unfortunately,

at the present time, empirical evidence to support this hypothesis is nonexistent.

The hypothesis could, however, serve as a framework for future research efforts.

Conclusions
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A variety of stressful conditions affect a variety of memory measures, usually but not
always in an adverse way. Mandler was one of the first cognitive psychologists to theorize about
these effects, attributing them to cognitive resource limitations and to stress-produced noise in
the cognitive system. People with high math anxiety have a reduced working memory capacity
and, because working memory is required by many arithmetic and mathematical tasks, math

anxious subjects perform more poorly on these tasks than low anxious subjects. There is
conflicting evidence in the literature regarding memory ['or emotionally arousing stimuli. Many
studies have reported that memory is better for either pleasant or unpleasant material than it is for
emotionally neutral material. But there is some evidence that traumatic stimuli can inhibit
memory for simultaneously presented neutral material.

There is extensive evidence that cortisol level is correlated with memory. But sometimes
elevated cortisol levels have been shown to have a positive effect and sometimes a negative
effect on memory. One possible explanation is that various researchers induced or measured
cortisol levels at different points on the Yerkes-Dodson function. Further complicating the
picture is the fact that few stress/memory experiments have taken account of possible state
dependency effects. Thus it is unclear whether the effects of elevated cortisol levels, whether
facilitative or adverse, are the same on encoding and retrieval processes in memory.

Not only does stress affect and often limit memory, but also memories of stressful events
can provide a basis for intrusive thoughts, resulting in persistent, protracted, lingering, or chronic
stress - a kind of vicious circle. To date, no one has reported on the possible detrimental effects

of intrusive thoughts on cognitive task performance.

Environmental Conditions that Induce Stress

Time Pressure

One of the most obvious ways to put a performer under stress is to impose

time limitations on the task or to give frequent "hurry up signals." Intuitively,

most people feel that they do not do their best work under time pressure, although

there might be important individual differences in this regard. It is surprising

therefore to discover that the literature contains very little evidence on the effects

of time pressure on cognitive performance. Moreover, those studies that have been

reported find rather obvious and uninteresting results.

The task used by Van Galen and van Huygevoort (2000) required subjects to

make cursor movements to targets varying in width and distance. On the basis of

the theory of van Ghemmert and Van Galen (1997), which has been described

elsewhere, the authors tested the prediction that time pressure and dual task load

would influence error rates and movement variability, together resulting in

biomechanical adaptations of pressure on the cursor control. The latter is seen as a
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manifestationof a filtering strategyto copewith increasedneuromotornoise
levels.Theresultsconfirmedthat,especiallyundertimepressure,error ratesand
movementvariability wereenhanced,while cursorcontrolpressurewashigher in
bothconditionsof stress.

Ashcraft(2002)hasdemonstratedthattheperformancedecrementsuffered
by mathanxioussubjectsonquantitativeproblemsolvingis in partattributableto a
compromisedworking memory. In anextensionof this idea,Kellogg,Hopko,and
Ashcraft(1999),following Matthews(1996), tested whether the limitation of

working memory observed in anxious subjects might be the result of worry, i.e.,

that their consciousness is occupied to some extent by concern over the likelihood

of poor performance. Time pressure could be a factor contributing to worry and

thus to the poorer performance of anxious subjects. These researchers found,

however, contrary to the worry hypothesis, that time pressure lowered performance

of both anxious and non-anxious subjects equally. Thus the worry resource model

was not supported by their data.

When response time deadlines are imposed in quantitative tasks, such as

addition or multiplication, performers often adopt a strategy that is different from

the one they would use in normal circumstances. Typically, these adopted

strategies place less of a demand on working memory. For example, Campbell and

Austin (2002) showed that adult subjects shifted from a calculation-based or

procedural strategy to a direct memory retrieval strategy to perform mental

addition problems when they were put under time pressure. Performance suffered

as a consequence of this shift, especially in more difficult problems

Entin and Serfaty (1990) reported an experiment to investigate the effects of

time pressure on decision-making. Their paradigm involved a single decision

maker whose job was to classify submarine sonar returns as coming from a

friendly or enemy boat, on the basis of differences in average pump noise

frequency between the two classes. After being given the value of the unknown

submarine's measured pump frequency, the subject either classified the submarine

as friend or foe or, for a cost, asked for more information. This information was

chosen to be either another raw measurement (probe) or the opinion of an

automated consultant. Two distinct subject populations were used, civilian

(engineering firm employees and college students) and military. For both groups,

performance under time pressure was significantly poorer than normal. The effects

of time pressure are, then, what one would intuitively expect them to be. The

researchers provided no speculation as to the underlying processes that might be

engaged by time pressure and how they operated to affect performance.
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Furthermore,becauseonly two conditionswereused,theexperimentyields no
evidenceon theshapeof thefunction betweenperformanceandtime pressure.

Two personcommandandcontrol teamsweretrained,in anexperiment
reportedby Lehner, Seyed-Solorforough, O'Connor, Sak, and Mullin (1997), to

make decisions using a prescribed strategy tbllowing a set of simple decision

procedures. The authors were interested in the impact of time stress on the

decision-making performance of teams. The results supported the conclusion that

prescribed decision procedures, which were somewhat counter-intuitive, would be
more vulnerable to the effects of time stress than other more familiar and intuitive

decision procedures. In addition, the results suggested that the subjects adapted

inappropriately to time stress. As time stress increased, they began to use a

decision processing strategy that was less effective than the strategy they were

trained to use, reverting to procedures that were more familiar to them. While this

study focuses on team performance, there is nothing in the data to suggest that

same results would not be obtained with individuals working alone.

A study by Ozel (2001) provides greater insight into the effects that time

pressure can have on fundamental cognitive processes. Ozel examined the manner

in which stress, created by the threat of fire, affects how people process

information provided to them about the correct escape route. Ozel reported that

modest stress was beneficial to performance, but that extreme time pressure

impeded performance by narrowing the range of environmental cues attended to or

processed, an outcome predicted by Easterbrook (1959). In addition, the use of

negative coping styles increased with time pressure.

Work Load and Overload

It is difficult, for reasons mentioned elsewhere in this review, to create

extreme or prolonged conditions of stress in the laboratory. Laboratory studies

generally focus on relatively weak acute stress. An example involves adding

workload or secondary task requirements to a primary or focal task. Subjects often

find these additions to be stressful at least at the outset and they can adversely

affect primary task performance. Given some experience or practice, however,

individuals can often find ways to accommodate to the greater demands of doing

two things at once.

Consider the work of Matthews, Sparkes, and Bygrave, (1996), who tested

the hypothesis that driver stress is associated with performance impairment mainly

because stress-prone drivers are vulnerable to overload of attentional resources. In
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other words, those who are susceptible to the effects of stress suffer from

limitations on attentional resources and are more distractible by irrelevant non-

driving events. Young subjects pertbrmed a simulated drive concurrently with a

grammatical reasoning task, presented either visually or auditorily. In this

experiment, the patterns of dual-task interference predicted by attentional resource

theory were actually not found, although some interference was apparent with the

auditory reasoning task. Measures of vulnerability to driver stress and intrusive

cognitions were related to impaired lateral control of the vehicle mainly when task

demands were relatively low, contrary to the overload hypothesis. These data

indicate that performance in this task paradigm is characterized by adaptive

mobilization of effort to meet changing task demands. Stressed drivers adapted to

high levels of demand fairly efficiently. The levels of stress involved here

obviously fall within the range that can be compensated tbr by strain or

mobilization. But, in contrast, Metzger and Parasuraman, (2001) lbund that, at

higher levels of overload, created by a secondary task during driving in high traffic

density and assessed by HR and self-report measures, performance does gradually

but significantly decline. Parallel results were reported by Zeier (1994) for air
traffic controllers.

With practice, people often find ways to incorporate secondary task

requirements into the strategy they use to perform the primary task. Healy,

Wohldmann, Parker, and Bourne (submitted), for example, recently reported

evidence of this phenomenon in a series of experiments on time estimation. Two

groups of subjects were trained on a time estimation task under stress created by

various secondary tasks. One secondary task was relatively easy, requiring the

repeated articulation of a given letter of the alphabet. The other secondary, task

was quite difficult, requiring recitation of the alphabet backward by three's starting

with a given letter. Perl:brmance in these conditions was compared to that of a

third, control group, trained without the stress of a secondary task. Training led to

improvements in performance in all three conditions but training with the difficult

secondary task degraded, or strained, pertbrmance considerably relative to the

other two conditions. Importantly, removing the secondary tasks after training in a

transfer task actually impaired pertbrmance for those subjects trained with either

secondary task relative to the control. In fact, performance was worse after

training for subjects in the difficult secondary task condition than it was at the

beginning of training fbr subjects in the control condition. This is a surprising and

unique finding with crucial implications both for training and for understanding

workload and stress effects. It is consistent with the procedural reinstatement

principle proposed by Healy and Bourne (1995) if it is assumed that the procedures

used by subjects to estimate time somehow accommodated the requirements of the



Stress and Cognition 57

specific secondary, task. The idea is that when the secondary task is removed in the

transfer session, new procedures are required to perform the primary task alone,

leading to an initial performance decrement.

The results of this study raise an interesting empirical question about training

to contend with stressors. Training may be specific to the particular stressor or

stressors that are present during practice. The procedural reinstatement principle

implies that training with one stressor will not necessarily generalize to test

conditions (i.e., to retention, transfer, or retraining) under other stressors. For

example, training under the stress of time pressure to respond may enhance

subsequent performance under another type of time pressure, but may not

adequately prepare individuals for subsequent performance under conditions of

fatigue or work overload. In fact, training under time pressure may put a person at

a disadvantage when tested under different adverse conditions. The results of

Matthews et al. (1996), who studied driving under various stress conditions are

consistent, although not definitive, with respect to this expectation. Training under

two or more adverse conditions may support wider generalization at test even

when the adverse conditions at training do not match those at testing, in agreement

with a variability of practice hypothesis of Schmidt and Bjork (1992). What

actually happens, of course, is an important empirical question that needs to be

addressed at some point in this project.

Information overload threatens our limited cognitive capacity and can

quickly degrade performance in many daily tasks (for the classic argument, see

Miller, 1956). Fitts (1966), for example, demonstrated that an overload condition

created by time pressures significantly increased error rates in a complex reaction

time task. Under circumstances of high information load, artificial memory aids

can be especially beneficial to performance. In most experiments that have

examined time pressure, the decline in performance is gradual rather than

catastrophic, as would be case if cognition was completely overwhelmed. As an

example of how this works, consider a recent series of experiments by Burrows

(2002) that examined how workload variables such as amount of information,

speed of information presentation, and secondary task requirements, interact to

create a condition of overload and how they influence recognition memory.

Burrows (2002) measured the recognition of previously presented words,

with the length of the memory list increasing with each presentation. Gradual

declines in recognition performance were observed over trials (and with expanding

lists). It is important to note that performance degradation was gradual, rather than

abrupt. Subjects were able to adjust to conditions of overload by maintaining in
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memory some significant portion of the materials to be retained. When rate of

information presentation was increased, pertbrmance was adversely affected, but

the slope of degradation function associated with increasing the size of the memory

list was not changed. That is, recognition memory decreased gradually as the size

of the list increased and as the rate of presentation increased, but these variables

did not interact. In one final experiment, Burrows required his subjects to perform

a second task simultaneous with recognition memory. Several new items were

added to the memory list on each successive trial, and, in addition, subjects were

instructed to forget or eliminate a small subset of earlier items. Thus, each

memory trial required not only adding new items but also deleting others and a

reorganization of the remaining memory list. The requirement to delete and

reorganize in memory degraded overall per_brmance. The effects were entirely

attributable to mishandling the deleted items. That is, performance on retained and

added items was the same in the standard learning condition. But subjects were

completely incapable of retaining the current status of deleted items, sometimes

recalling them as part of the list and sometimes not.

Burrows's studies suggest two major conclusions regarding the workload

placed on memory. First. expanding the length of a list to be remembered causes a

gradual (non-catastrophic) decrease in performance. Second, the requirement to

reorganize an expanding list does result in an abrupt decline in performance mainly

attributable to a complete forgetting of the status of deleted items. The practical

implications of these results are likewise two-fold. First, when new information is

periodically introduced into a task, modest memory aids, such as temporary

reminders of the new items, will offset the increased memory load. However,

when reorganization and up-dating are required, aids that keep track especially of

the once-but-no-longer relevant items are especially helpful. Memory up-dating of

the current state of a complex systems is uniquely vulnerable to the effects of

information load and possible other stressors.

Adding a secondary task to a primary task can create an information overload

situation, but information overload can also occur within the context of a single,

primary task. Suppose individuals are required to learn rapidly a large quantity of

new facts in some specific domain, which is commonly the case with the

introduction of new complex systems into the workplace. The effects of this kind

of information overload on learning and subsequent performance are not well

understood by cognitive psychologists but should generally be detrimental. If the

overload is severe, then it will impose a form of cognitive stress (Humara, 2002),

and it is important for the operator to develop coping strategies to deal with this

stress. Van Overschelde and Healy (2001) recently reported a series of experiments
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to investigate how the level of knowledge participants have about a domain affects

their ability to cope with a large number of new, non-domain relevant facts about

persons within their domain of expertise. To create a situation of intbrmation

overload, Van Overschelde and Healy required subjects to learn 12 new facts about

each of 12 persons (i.e., 144 new facts in total). They found that subjects who had

a high degree of knowledge in a particular domain (e.g., about baseball or movies)

were better able to learn new facts about famous persons from that domain than to

learn new facts about persons from a domain of which they had a low degree of

knowledge, even though the facts themselves were not relevant to either domain.

In a second experiment, Van Overschelde and Healy created a novel knowledge

base, by having subjects learn five facts about each of six previously unknown

persons, and one fact about each of six other persons. Two days subsequent to this

pre-training experience, participants learned 12 new facts about each of the 12

persons. Participants were significantly better at learning new facts about persons

for whom they had learned five facts initially than about persons for whom they

had learned only one fact initially.

As noted earlier, these studies suggest that one mechanism for coping with

information overload and reducing the stress overload engenders is to provide

connections between the new facts to be learned and an existing knowledge base.

The general principle is that the acquisition and retention of new, factual
information is facilitated whenever that new information can be linked to an

existing knowledge base. The mechanism underlying this strategic-use-of-

knowledge principle is based on the provision of a retrieval strategy supported by

factual information that already exists in long-term memory. Future experiments

might profitably focus on the provision of different retrieval strategies to validate

their effectiveness and to document which strategies work best.

Fatigue and Sleep Deprivation

Laboratory studies. When a people work at a continuous, demanding task,

such as the operation of a complex electronic system, their performance might be

affected by at least two opposing processes. First, pertbrmance might improve,

becoming more accurate and faster as operators master the skills required of the

task. Second, performance might deteriorate as individuals suffer the effects of

fatigue over long periods of uninterrupted work. The effects of fatigue are likely to

be transient, dissipating over periods of rest interpolated between periods of work.

The effects of skill acquisition, however, should be relatively permanent_ persisting

long after fatigue has worn off. Testing this differential effect of prolonged work
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hasyetto beadequatelyaccomplishedandis likely to bethefocusof future
researchin thegeneraldomainof stress(causedby fatigue)andcognition.

Healy,Bourne,andcolleagues(Buck-Gengler& Healy,2001;seealso
Fendrich,Gesi,Healy,& Bourne,1995)haverecentlyreportedseveral
experimentsaddressingcertainaspectsof fatiguein a repetitivedataentry task. In
oneexperiment,thereweretwo sessionsseparatedbya one-weekdelay. In each
session,subjectstypedstringsof 4-digit numbersviewedasnumeralsdisplayedon
a screen.A shortbreakhalfwaythroughthefirst (training)sessionallowed
subjectssomedegreeof recoveryfrom fatigue. Theseresearchersfoundthat,
during trainingin thefirst session,accuracyof performancedecreasedfrom the
first to thesecondhalf of thesessionandacrossblockswithin eachsessionhalf.
This findingdocumentsthesuccessfulinductionof fatigueduring training.
Nevertheless,theseresearchersalsofoundthat,duringtraining,responsetime
decreasedfrom thefirst to thesecondhalf of thesessionandacrossblockswithin
eachsessionhalf,suggestingthatpracticeandfatiguecombinedto leadto a speed-
accuracytradeoff.

Theobservedspeed-accuracytrade-offillustratestwo importantgeneral
caveatsconcerningtheeffectsof stressors,suchasfatigue,onperformance.The
first is thatstresseffectsmaybedifferentfor differentmeasuresor indicesof
performance{in thiscase,speedandaccuracy).Thesecondis thattheeffectsof
stressorsmaynotalwaysbeharmful. This latterconclusion,of course,follows
from theY-D law,which specifiesanoptimal levelof arousal(resultingfrom
stress)for anypersonandanytask. But whatis demonstratedin theseexperiments
is slightlydifferent;hereonestressoractuallyfacilitatesresponsetimesand
simultaneouslyinhibitsaccuracy.Thegeneralityof thisobservationneedsto be
checkedin othertasksandtrainingconditions.For example,in a morecognitively
demandingtaskthandataentry,suchasmentalcalculation(e.g.,Rickard,Healy,&
Bourne,1994),fatigueeffectsmightbelesssevereor possiblynon-differentialon
performancemeasures.

Theobservationthatfatigueor otherstressorsmightnotmatteror mighteven
haveabeneficialeffecton somemeasuresof performanceseemsinconsistentwith
commonsenseandis certainlycontraryto corporatewisdom. Everymanager
knowsthatif youkeeppeopleup for 48hrs,theywill nothandletheworkload as
well astheycanwhentheyarefresh. To interprettheseresultsaccurately,we need
to keepin mind thatthe levelof fatigueinducedin laboratorystudiesmight simply
be toominimal to causeseriousperformancedegradation.It isalsoimportantto
recognizethat mostcognitivestudiesperformedin thelaboratoryhaveaddressed
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acutefatiguedevelopedoverrelativelyshortworkperiods.Principlesuncovered
in theseconditionsareunlikely to apply to more chronic or stronger fatigue states.

Therefore, in the future, experimenters should try to find ways to expand their

research on fatigue both to more intense and to chronic conditions. This expansion

might be accomplished, for example, by the use of sleep deprivation or imposed

deviations from normal circadian rhythms.

The results of Soetens, Hueting, and Wauters (1992) show that the effects of

fatigue might vary with task difficulty. Using a numerosity judgement task, these

researchers found that, under fatigue, errors were greater fbr larger displays (7+

dots in the visual field to be judged). No difference between fatigued and

nonfatigued subjects were observed at smaller displays. Small numbers can be

estimated accurately by an automatic process known as subitizing. Larger

numbers require attention and mental work, including counting. Fatigue reduces or

eliminates controlled processing required by larger numbers, leading to more

errors. Their conclusion was that fatigued subjects tend to avoid or fail at complex
decisions.

Steyvers and Gaillard (1993) examined the possibility that knowledge of

results (KR) and reward might compensate for the negative effects of sleep

deprivation in a choice-reaction task. They found that the effect of signal

degradation on pertbrmance was aggravated by sleep loss and time-on-task,

confirming the observation of Soetens, et al. (1992). They also reported that KR

improved performance, especially when signals were degraded. Reward

counteracted to some extent the effects of time-on-task owing to lack of sleep.

Consistent with the finding of Buck-Gengler and Healy (2001), pertbrmance also

improved as the result of a brief task interruption after 30 rain. of work.

EEG measures are sensitive to abnormal conditions such as fatigue and

sleep deprivation. This fact suggests the possibility that neuro-physiological

measures, such as the EEG, might be used to differentiate stress states of the

organism from normal or other abnormal states. Gevins and Smith (1999) reported

that both alcohol intoxication and fatigue reduced the accuracy of performance in a

working memory task and that these effects were associated with changes in

spectral characteristics of the EEG. Human observers and digital networks trained

on human data could discriminate fatigue and alcohol states in the EEG from

normal alert states with accuracy well over 90%.

Natural tasks. There has been a fair amount of research on fatigue in more

natural situations. For example, Matthews and Desmond (2002) induced fatigue in
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asimulateddriving taskby requiringsubjectsto performademandingsecondary
taskwhile driving. Their inductionprocedureproducedsubjectivefeelingsof
fatigueandstressandof heightenedworkload. With respectto driving
performance,fatigueinductionincreasederrorsof heading,steering,andreduced
perceptualsensitivityin thesecondarytask. Theseresearchersalsoreport,
howeverthat addedmotivationpartiallyovercametheseadverseeffectsof stress.
Theyattributedtheprimaryeffectof asecondarytask(1) to thedivision of
attentionalresourcesin thedual taskcaseand(2) to a failureto adjusteffort to
levelof taskdemands.

Schellekens,Sijtsma,Vegter,andMeijman(2000)demonstratedsome
persistenteffectsof demandingday-longoffice work oncognition. These
researchersadministereda memorysearchtaskbefore,during, immediatelyafter,
and2 hrs.aftereitheraneasydayof workor ademandingdayof work.
Performancemeasureson thesearchtaskwereRT andaccuracy.Effort on task
wasmeasuredphysiologicallyby HR. Accuracydecreasedslightly on the
immediatetestafter adifficult day,relativeto testsadministeredbeforeandduring
thework-day. Also, subjectsinvestedsignificantlylesseffort in thememorytask
afteradifficult dayrelativeto aneasyday. In adelayedtest,a speed/accuracy
tradeoff wasobserved.After ademandingday,RTsincreasedandaccuracy
decreasedin thedelayedmeasure,resultssimilar to thosereportedby Buck-
GenglerandHealy(2001)obtainedin a laboratorysetting.Apparently,undersome
circumstances,fatiguehaslatenteffectsthatonly showupaftersufficientpassage
of time. Further,recoveryfrom fatiguerequiresrestandtimeawayfrom task.

Manyoccupationsrequirenotonly extendedwork periods,exceedingthe
normal8 hrs,butalsoarephysicallydemandingandprovide few if anybreaks.
Operatorsof public transportationequipmentareagoodexampleof thiskind of
work environment.RaggattandMorrissey(1997)measuredstressandarousalin
10long-distancebusdriversduring 12-hrdriving shiftsandat matchedtimeson
non-drivingrestdays.Theobjectivesof thestudywere(1) to comparethestress
measurescollectedon theroad,which includedHR, BP,catecholamines,cortisol,
stateanxiety,andself-ratingsof stressandarousal,with matchedrest-daybaseline
measures,and(2) to investigatethepatternof arousaloverthecourseof shifts.It
wasexpectedthatcertainpsycho-physiologicalchangeswould takeplaceduring
long-distancedriving andthesechangeswouldbeassociatedwith driving fatigue.
Cardiovascularandcatecholaminedatawereelevatedacrosstheentirework-day,
comparedwith restdays.Self-reportedstressandstateanxietywereelevatedonly
at thepre-shiftmeasure,andtheseelevationswereinterpretedto be theresultof
anticipatoryanxietyandadditionalworkdemandsat thebeginningof theshift.
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Deceleratingactivationfrom the9th-12thhrsof driving werereflectedin slower
HR andlower subjectivearousalratings.Apparentlydriversexperiencea release
of tensionwhentheyanticipatetheendof theshift andthereforedeactivationis a
signalor precursorto theonsetof fatigue.Measuresof driving performance
remainedrelativelystableovera 12hr shift. Experienceddriversseemto have
acquiredcopingstrategiesthatallow themto maintainstableperformancelevels
whenwork sessionsareof knowndurationanddonotexceed12hrs. As in the
caseof long-termisolation,cognitiveeffectsof stressappearto beamelioratedby
knowledgethatthestressfulsituation,althoughlong,is time limited

But RaggattamdMorrissey (1997) also found that performance falls when

shift length is uncertain or exceeds the normal 12 hr limit. Performance degrades

before changes are evident in physiological measures. This result is consistent

with the conclusion of Hancock and Vasmatzidis (1998) that continued work

requirements after performance efficiency begins to fail, but before current

physiological limits are reached, is inappropriate for both the safety and the

productivity of the individual worker, their colleagues, and the systems within

which they operate. Behavioral performance assessment should therefore

supercede physiological assessment as the primary exposure criterion, although

physiological measures still provide important supplementary information.

Even without a work requirement, long periods of sleep deprivation can

have serious cognitive consequences. Baranski, Gil, McLellan, Moroz, Buguet,

and Radomski (2002), for example, showed that 40 hrs of sleep deprivation

severely affected cognitive performance on seven cognitive tasks -- serial reaction

time, logical reasoning, visual comparison, mental addition, vigilance, and

multitasking -- to essentially the same degree on all tasks.

Samel, Wegmann, Vejvoda, Drescher, Gundel, Manzey, and Wensel (1997)

investigated two-person crew extended range operations over 2 consecutive night

flights with a short layover. Pre-, in-, and post-flight measurements of sleep, task

load, fatigue, and stress using EEG, ECG, motor activity and subjective ratings

were collected for 11 rotations (22 flights) from 22 male pilots. Average flight

times were 9 hrs with an average daytime layover of 13 hrs 30 mins. Results

showed that sleep during layover was shortened by an average of 2 hrs relative to

normal. Fatigue was more pronounced during the return flight and several pilots

scored their fatigue at a critical level. Motor activity, brain wave activity, and HR

indicated drowsiness and a low state of vigilance and alertness during both night

flights, but these effects were more pronounced during the return flight. A survey

of military pilots reveals that they suffer chronically from sleep deprivation
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(Caldwell& Gilreath,2002). Insufficientsleep,combinedwith rotatingschedules
andotherworkdemands,nodoubtcontributesto theperceptionthat fatigueis a
widespreadproblemin theaviationcommunity.Theseresultsindicatethe
importanceof continuingto employfatigue-reductionstrategiesin trainingand
operationalenvironments.

To whatdegreecanfatigueeffectsbeoffsetby periodsof rest? Neri,
Oyung,Colletti, Mallis, Tam,andDinges(2002)arrangedfor 142-mancrewsto
participatein a 6 hr, uneventful,nighttimeflight in aBoeing747-400flight
simulator. Crewmembersin thetreatmentgroupreceived5 shortbreaksspaced
hourlyduringcruise;the 14crewmembersin thecontrolgroupreceived1longer
breakin themiddleof cruise.The treatmentgroupreportedsignificantlygreater
subjectivealertnessfor up to 25min. post-break,with strongesteffectsnearthe
time of thecircadiantrough.Therewasnoevidenceof objectivevigilance
performanceimprovementat 15-25min. post-break,with expectedperformance
deteriorationoccurringdueto elevatedsleepdrive andcircadiantime. In situations
thatrequiresustainedattentionoveraprolongedperiodof time,e.g.,duringa long
overnightflight, brief andregularlyspacedbreaksimprovealertnessand
performance.

Whataboutstimulatingdrugs? Cantheyoffsettheeffectsof fatigue,
withoutcausingadverseconsequencesof their own? Caldwell(2001;seealso
Caldwell& Gilreath,2002)reportedaquasi-experimentalcomparisonof modafinil
(Provigil (R)) anddextroamphetamine(Dexedrine(R))on theperformanceof
sleepdeprivedpilots.Subjectsweregiveneitherdextroamphetamineor modafinil
andthenundertooka flight simulation. Resultsindicatethattherewereno
differencesbetweenthe2 stimulants.However,in themajorityof cases,it was
clearthatperformance,subjectivemoodratings,andphysiologicalindicesof
alertnessweresubstantiallybetterunderbothdrugsthanunderplacebo.Thus,with
theexceptionthatmodafinil producedmorespontaneousreportsof sideeffects
thandextroamphetamine,theoverall resultsindicatedequivalentefficacy with the
2compounds.

Thereareatleasttwo studieswhichhaveexaminedtheinteractionof sleep
deprivationwith otherstressorvariables, vonRestorff,Kleinhanss,Schaad,and
Gorges(1989)investigatedhumantolerancelimits for sustainedperformanceon
severalsimplepsychologicaltests. Subjectsperformedcontinuouslyfor 72hr,
with only 1hr of sleeppermittedafter32,48 and60hr. Thepresentexperiment
examinedwhethersuchsustainedperformancemightbeadditionallyinfluencedby
mild hypoxiatogetherwith correspondinglyincreasedcarbondioxide levels(stale



StressandCognition65

air). Performanceshowedtheexpecteddecreasewith increasingdurationof sleep
loss.However,findingsshownocleardifferencesin performancebetweenthe
controlandthehypoxiagroups.Therewere,however,morepronounceddecreases
over timein bothgroupin themorecomplexmemorytasksascomparedto simple
reactiontimeandvigilancetasks.

Larsson(1989)lookedat the interactionof sleepdeprivationandthestress
createdby anoisyworkenvironment. Hemeasuredtheperformanceof Swedish
military personnelon anartillery simulatorundercalmconditions,noisy
conditions,andnoisyconditionswith 27hrssleepdeprivation.Underall
conditions,subjectswho appraisedthetaskasachallengedemonstratedpositive
copingandbetterperl:brmance,relativeto thosewhoappraisedthesituationasa
threat. Performancedegradedandnegativecopingincreasedwith increasingsleep
deprivation.

Noise

Noiseor atonalsoundis everywherein the modern world. People normally

do well in adapting to these ambient and sometimes disagreeable sounds. But

there are circumstances in which noise can be stressful enough to produce some

adverse changes in human behavior. Early on, Hockey (1979) reviewed the

psychological literature on noise-induced stress, concluding that there were five

primary effects. First, stressful noise activates the perlbrmer often to a level that

exceeds optimal for the task at hand, resulting in an increase in the rate of work but

also an increase in errors. Second, stressful noise changes the performer's policy

for allocating attentional capacity, resulting in an apparent reduction in short-term

or working memory. Third, attentional selectivity -- that is, limiting the attentional

field, bringing relevant stimuli into sharper focus, focusing on the here and now,

reducing memory search, relying on automatic as opposed to deliberate functions -

- is increased. Fourth, there is an increase in response selectivity. Finally, stressful

noise reduces the performers confidence in his/her ability to do the task at hand.

These effects were observed primarily in studies using laboratory induced stress

and laboratory tasks.

Later, Kjellberg (1990) reviewed the psychological literature on the effects

of noise in the work environment, emphasizing moderate-intensity noise (e.g.,

computers, printers, and ventilation systems). He found reports of significant

distraction, and sleep disturbance in individuals who worked under constant noise

conditions. He also found evidence of noise effects on reaction time (RT),

vigilance, and verbal comprehension tasks. But, in many respects, the existing
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research presented a rather inconsistent picture of noise effects in natural work

environments. Kjellberg (1990) recommended that, because of the potential

seriousness of the nonauditory, cognitive effects of noise, more attention needs to

be given to these effects in the occupational setting and in the research laboratory.

Little has changed in the last 10 years to modify that recommendation.

Larsson (1989) reported that performance by Swedish military personnel on

an artillery simulator, a task requiring target identification, target tracking, decision

making, and perceptual-motor co-ordination, degraded significantly in noisy

conditions relative to calm and quiet conditions.

Kjellberg, Landstroem, Tesarz, et al. (1996) followed up a review of the

noise literature (Kjellberg, 1990) with an examination of some of the factors that

influence subjective responses to noise in 439 persons working in offices,

laboratories, or industrial settings. Information about the workers' subjective

assessment of their working environment was collected by questionnaires. An

annoyance index and a distraction index were formed on the basis of a factor

analysis of questionnaire data. Annoyance was fbund mainly to be related to sound

level, self-rated "necessity" of the noise, hearing status, and gender. Distraction

was most strongly related to degree of self-control of the noise and noise

predictability. The most critical noise sources for the annoyance response were

other machines than those used by oneself, whereas telephone signals and

conversations had the largest effect on distraction. Despite the annoyance and

distraction effects of workplace noise, no significant influence on quality or

quantity of work performance was detected. A moderate level of workplace noise

might be stressful, but its potentially degrading effect on performance appears to

be counteracted by extra effort in most circumstances.

In a related study, Gomes, Martinho Pimenta, and Castelo Branco (1999)

investigated the effects of prolonged workplace exposure to large pressure

amplitude (-90 dB SPL) and low frequency (<=5500 Hz) noise, a more serious

level of noise pollution than examined by Kjellberg et al. (1996), on attention and

memory. Their subjects were 40 male workers employed as aircraft technicians,

occupationally exposed to noise for a long period of time (range 13-30 yrs), and 30

educationally and age-matched male controls. Subje"ts performed an auditory

discrimination task during which event related cortical potentials (ERPs) were

recorded. In addition, the Wechsler Memory Scale [WMS] was administered to all

subjects. The P300 latency in the ERPs was significantly longer, and the amplitude

significantly smaller in the group exposed to noise. The WMS memory quotient

indicated a significant difference between groups, with exposed subjects showing
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poorer results. This difference was especially marked on the immediate verbal

memory sub-scale. The suggestion is that the more intense and prolonged the

noise that occurs in one's work environment, the more stressful those

circumstances are and the more serious the implication for degraded performance.

Using a different approach, Evans, Hygge, and Bullinger (1995; see also

Hygge, Evans, & Bullinger, 2002) were able to demonstrate significant cognitive

losses attributable to intense noise, that are ameliorated by time out of the noisy

environment. Hygge, et al. conducted a naturalistic experiment that involved

children (average age = 10 yrs.) living near to the old and the new Munich

International Airports. By taking behavioral measures at different points in time,

these researchers created two groups of subjects at each site: those subjects who

were currently exposed to aircraft noise and those not so exposed, the groups being

matched for socioeconomic status. Self-reported stress levels were higher in

groups exposed to aircraft noise. Long term memory, short term memory, and

reading measures were impaired in the noise groups, but both improved after noise

was eliminated by the airport switch. Some speech impairment was noted in

children exposed to noise near the new airport. Apparently, the degrading effects

of noise on cognition, although severe, are mostly transient, at least in young

children, and recovery follows the removal of the noise stressor.

Results attributable to noise are complex and not presently well-understood.

An example of the complexity of these effects is found in a study reported by

Hygge and Knez (2001 ). In a measure of attention, ventilation noise produced a

speed/accuracy trade-off, with subjects pertbrming faster but less accurately in

noisy conditions. In addition, noise reduced recall of emotionally-toned but not
neutral words. There were some non-additive interactions with other stressors that

further confounded the outcome. What is needed to resolve the differences

observed in these studies and to clarify the effects of noise pollution on

performance is a single coherent experiment in which noise intensity and duration

are systematically varied as subjects perform a range of cognitive tasks.

Finally, using a vastly different approach than most other studies of noise,

Schmidgall (2001) examined the initiation and execution of speeded responses on a

clock face display. Subjects were presented with a clock face, which consisted of a

fixation point (labeled with the letter "X") surrounded by a circle of digits, 1-8.

Subjects were instructed to move a cursor using a mouse onto the "X" in the center

of the clock face to begin each trial. A digit then appeared above the "X," and

subjects were instructed to find this digit on the clock face and move the cursor on

a direct path from the "X" to the target digit represented in the circle (see, Healy,
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Buck-Gengler, Barshi et al (2002) for details). Subjects were trained to respond to

the stimulus (i.e., the target digit) across a fixed number of training trials. On all

trials, the stimulus was shown until the response was made and the digits occurred

around the clock face in a standard clockwise arrangement. At the time of testing,

along with trials equivalent to those shown during training, the subjects were
introduced to two environmental or situational stressors, which occurred during a

limited number of testing trials. On these critical trials either the target digit was

presented for only a very short duration and/or the digits on the clock face were

randomly arranged. In addition to these two types of environmental stressors,

some subjects were exposed to a loud, continuous irritating (according to

subjective reports) beeping sound throughout the testing period. Thus, the effects

on performance of the first two types of stressors were examined with and without

the third type of stressor. Schmidgall found that subjects responded more quickly

to the sequential clock face arrangement than to the random arrangement. There

were no overall effects of noise or of the abbreviated stimulus duration, although

of these variables exacerbated the adverse effects of random clock faces.

Consistent with the Y-D function, stress has a degrading effect primarily when the

task is difficult.

Ambient Temperature

Human beings sometimes need to adapt to extreme, unknown, or isolated

environments. This adaptation requires changes in the normal regulation of

psycho-physiological homeostasis (Farrace, Cenni, Tuozzi, et al. 1999: Hammond,

2000). Experimental evidence indicates that even relatively mild thermal stress

may affect human performance (Enander, 1989). Tasks requiring manual dexterity

and muscular strength are clearly impaired by cold exposure, while decrements in

vigilance performance and endurance are well-documented effects of heat stress.

The considerable variation in results regarding the effects of thermal stress may, to

some extent, be attributable to complex interactions between exposure conditions,

task characteristics, and individual factors.

Heat. Hot and humid environmental conditions are known in the folklore to

have debilitating effects on human performance, with the consequence that the

effectiveness and efficiency of individual and team operations are severely

compromised. While the adverse effects of thermal stress on operators'

physiological capability are well established, there is less scientific evidence

available about cognitive performance. Hocking, Silberstein, Lau, Stough, and

Roberts (2001 ) administered a number of psychometric tests to investigate the

impact of thermal stress on cognitive pertbrmance. These tasks measure a range of



Stress and Cognition 69

cognitive processes including attention, memory, verbal learning, information

processing, and concentration. In addition, the electrical activity of subjects" brains

was measured while they undertook these cognitive tasks. Functional brain

imaging provided topographical information on changes in electrical activity in

response to thermal stress during cognitive performance. Results indicated that

subjects experienced increasing cardiovascular strain through thermally neutral to

thermally extreme conditions. There were, in addition, marked differences in the

electrical responses of the brain when subjects were thermally strained, suggesting

an increase in the utilization of neural resources or effort by subjects to maintain

the same level of performance as under thermally neutral conditions. The

psychometric test battery showed some deficits in working memory, in information

retention, and in information processing under thermal stress.

Vasmatzidis, Schlegel, and Hancock (2002) reported a study of the effects of

heat stress on time-sharing performance. Participants performed 3 dual-task

scenarios and a multiple-task scenario for 2 hrs in each of 6 climates. The dual

tasks were (1) display monitoring with mathematical processing, (2) memory

search with mathematical processing, and (3) unstable tracking with memory

search. The multiple task scenario included visual monitoring and auditory

discrimination tasks. Results indicated significant heat stress effects resulting in

inferior performance on display monitoring, tracking, and auditory discrimination.
These efl-'ects were cumulative over time under stress.

As noted by Hocking et al. (2001) and others, pertbrmers can often mobilize

additional effort to offset the debilitating effects of stress (supra-optimal arousal)

on perfbrmance. A study by Razmjou and Kjellberg (1992) confirmed this result.

Stress effects created by ambient heat (40 decrees Celsius) on a simple and a

complex serial four-choice reaction time task were examined. Core temperature,

HR variability, and subjective reports of stress level and of effort allocation were

monitored over an 80 min. work period. Performance in both RT tasks

deteriorated over time in heat but could be offset somewhat by the allocation of

additional effort to the task, as determined by subjective reports.

Cold. There are few studies that examine directly the effects of hypothermia

on cognitive performance. One that did, using cold water immersion to induce

hypothermia, was reported by Giesbrecht et al. (1993). These authors found that

tests placing relatively minimal cognitive demands on individuals, such as auditory

attention, the Benton visual recognition test and forward digit span, were

unaffected by either initial cold water immersion or by eventual central cooling.

On the other hand, tests requiring relatively greater mental manipulation and short
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term memory (i.e., backward digit span) or processing and analysis (i.e., Stroop

test) showed a slight improvement upon cold water immersion (perhaps related to

increased arousal and/or learning) but a significant decrement following later more

serious central cooling of 2-4 degrees C. Thus, relativeiy simple tasks were

unaffected by central cooling, whereas more complex tasks were adversely

affected. Central nervous system cooling probably interferes with mental

processing although discomfort and/or the physiological and physical effects of

cold on the neuromuscular aspects of speech, required for responses to some of the

tasks, may also affect performance.

In a somewhat more naturalistic situation, Slaven and Windle (1999)

undertook a psychological assessment of submariners undergoing a survival trial

simulating conditions in a disabled submarine. The aim was to determine whether

the environmental conditions in a submarine escape compartment had any effects

on cognitive performance. The study was conducted in an environmental chamber

in which the temperature fell from 22 deg. C to 4.4 deg. C over 2 days and then

remained at 4.4 deg. C for 5 days. Male volunteer subjects were tested periodically

on choice reaction time [RT] and short term memory and showed no significant

performance decrements. However, anecdotal evidence from observations and

subjects' self-reports suggest that sustained performance was impaired gradually as

ambient temperature decreased. Results suggest that motivation can make up for

adverse, stressful conditions if the tasks are not high-level or continuous.

Intense environmental heat or cold in natural or in laboratory circumstances

can have an adverse effect both on behavior and on correlated brain processes.

Some performance effects can be offset by extra effort, but if abnormal conditions

persist, performance eventually suffers. The best recommendation one can make

on the basis of the available data is to try to keep ambient temperature optimal for

the given task and individual.

Miscellaneous Stress Variables: Extreme Environments

A variety of other imposed or natural environmental conditions are

associated with stress in human beings. Some of these variables have been given

cursory examination by cognitive psychologists. The results are interesting, but

unsystematic. Here we will review the effects of two of these variables, isolation

and hypoxia, which are sometimes associated with extreme environments.

Isolation. Social isolation, usually involving confinement, is perhaps the

most important of these miscellaneous other stress conditions because it is a
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commonconsequenceof spaceflight. Isolationcreateslongtermor chronic,in
contrastto acutestress.Manyresearchershavereferredto Antarcticexpeditions,
andothersimilarprotractedexposuresto abnormalor extremecircumstancesas
modelsof the isolationandconfinementthatoccursin Space.Sauer,Hockey,and
collaboratorshaveinvestigatedhealthandperformancechangesin this form of
isolation. Forexample,Sauer,Juergen,Hockey,andWastell(1999)reporteda
studyof threeRussiancosmonauts,testedonaPC-basedsimulationof a MIR
spaceflight, which includedisolationandconfinementover time. Theyfound
sometemporaryperformancedegradationsastimepassedalthoughfor themost
part,without theoccurrenceof emergencies,job performancewasacceptablyhigh
throughout.Thesameresearchersalsoreportedon theeffectsof wintering-overby
agroupof French Antarctic expeditionaries. Again, only minor decrements in

performance on cognitive tasks were observed.

Sandal, Vaernes, Bergan, Warncke, and Ursin, (1996) assessed

psychological reactions among 67 adults from 17 countries, who were isolated

either in hyperbaric chambers or on polar expeditions, environments considered

analogs of space flight. The Personality Characteristic Inventory was administered

before isolation, and adaptation to the respective environments was assessed

weekly by questionnaire. Crews in hyperbaric chambers indicated a steady increase

in coping skills over the isolation period. A personality characterized by strong

expressiveness and instrumentality predicted superior adaptation in hyperbaric

chambers. Members of polar expeditions reported high aggressiveness and anxiety

in the first quarter and an increase in homesickness over time. These changes in

mood and emotion were not paralleled by changes in performance on a variety of

tasks, however. Results indicate that isolation in hyperbaric chambers and on polar

expeditions are reasonable models for different aspects of the Space environment.

Later, Palinkas, Gunderson, Johnson, and Holland (2000) reported an

analysis of two data sets collected in Antarctica purportedly to identify features of

behavior and performance likely to occur during long-duration missions in Space.

In one set, the influence of mission duration and station latitude on a self-report

questionnaire regarding mood states was examined in 450 Americans who

wintered-over in Antarctica from 1991-1998. In the second set, the influence of

crewmember social characteristics, personality traits, interpersonal needs, and

station environments on measures of behavior and performance at the end of the
austral winter was examined in 657 American men who wintered-over from 1963-

1974. Both data sets were used to determine the influence of crew social structure

on the behavior of individuals. Seasonal variations in mood were associated with

the altered diurnal cycle and psychological segmentation of the mission.
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Concurrentmeasuresof personality,interpersonalneeds,andcopingstyleswere
betterpredictorsof mood,particularlydepression,andpeer-supervisor
pertbrmanceevaluationsthanbaselinemeasures.Membersof crewswith aclique
structurereportedmoredepression,anxiety,anger,fatigue,andconfusionthan
membersof crewswithout acliquestructure.Depressedmoodwasinversely
associatedwith severityof stationphysicalenvironment.But againcognitive
performancesufferednoseriousdegradationasa resultof isolation.

Zulley (2000)comparedtheresultsof socialisolationexperiments
performedin awide varietyof environmentswith studiesin Space,focusingon the
circadiancourseof variablessuchasbodycoretemperature,sleep-wakepatterns,
mood,andpertbrmance.Resultsshowthatsubjectsin isolationcanexperience
disturbancesof sleep,mood,andvigilanceif their biologicalrhythmsrun "out of
phase"with clock time. Heconcludedthat,if at all possible,astrict 24-hr time
scheduleshouldbekeptwith regardto environmental,aswell asbehavioral
influencesto insureadequateandrestfulsleepandoptimal levelsof waking
performanceandpsychologicalwell-being.No seriousdegradationin
performancetasksattributableto isolationwasobserved.

Le Scanff,Larue,andRosnet(1997)assessedcognitiveandsensory
impairmentandassociatedadaptationproblemsfor 10scientistsand6 technicians,
all clinically normal,who wintered-overfor 12monthsin theAntarctic.A battery
of StandardizedTestslbr Researchwith EnvironmentalStressors(SB) was
completed8 timesby all participantsduringtheisolationperiod,andan
adaptabilityquestionnaire(AQ) wascompleted2 timesfor eachsubjectby the
expeditiondoctorandby thesubjectsthemselves.Significantgroupby session
differenceswerefound,with technicianssignificantlymorevariablebetween
sessionsthanscientists.SBshowedasensitiveperiodof adaptationatmid-winter
andat theendof the isolation,butperformancein thedifferentcognitive tasksdid
notdeteriorateat thesametime. NosystematicrelationshipbetweenAQ andSB
andjob performancewasobserved.

Thepurposeof astudyreportedby Le Scanff,Bachelard,Cazes,Rosnet,and
Rivolier (1997)wasto investigategroupdynamicsin a 60-dayspace-flight
simulation.Specificallythegoalswereto studyindividual andgroupresponsesto
thestressfactorsin thissituation. Subjectswere4 scientistsplacedin isolation
chambersfor 3 mo. Testingwascompletedduringperiodsof pre-isolation.
isolation,andpost-isolation.Directmethods(questionnaires.tests)andindirect
methods(observation)wereusedin anindividual andwholegroupassessment.
Thegroupdid not showimportantstressmanifestationsduring theisolationperiod.
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It maintainedits cohesion,sometimesby opposingexternalauthority. Qualitative
andindirectmethodsrevealedmuchmoreinformationthanquantitativeor direct
methods,accordingto theauthors.Performancewasmaintainedat a high level
throughoutthe60-dayperiod.

Themessagefrom all of theseisolationandconfinementstudiesseemsto be
thatif participantsarewell preparedfor therequiredtasksandunderstandthattheir
confinementandisolation,while protracted,is time-limited,performanceholdsup
well, althoughmoodcanswingquitewidely. Whatuniqueeffectsemergencies
alongthewaymight haveonperformancearenotclearfrom anyof thesestudies.

Hypoxia. Isolation and confinement is a type of extreme environment.

Intuitively, extreme, that is, non-normal environments should be stressful. With

respect to mood and emotional feelings, they probably are stressful. But, they

seem to have relatively little impact on the level at which people perform, given

the wherewithal and the motivation to perform.

Another form of extreme and potentially stressful environment is created by

hypoxia or oxygen definciency. Mackintosh, Thomas, Olive, et al (1988) assessed

psychomotor performance in 20 adults on each of 2 mountaineering expeditions.

During the first, which reached 5,008 m, simple reaction time (RT) and alertness

were measured. During the second, which reached 4,790 m, performance on a 3-

choice RT test was measured. In both studies, mean RTs increased significantly at

altitude, but only in subjects with marked symptoms of acute mountain sickness.

The alertness tests showed no effects in any subjects, although adverse conditions
increased the number of errors.

Bonnon, Noel-Jorand, and Therme (2000) examined attentional changes

during adaptation to 2 different types of stay at high altitude on 2 different

expeditions. The first involved a 16-day trip between 2,000 m and 5,600 m,

followed by a 2-day ascent to 6,440 m and back again. The second was a 21-day

stay at 6,542 m. The hypothesis tested was that, at high altitudes with attendant

hypoxia, decrements in attention would occur as the duration of the stay at altitude

increased. Attention was evaluated for 2 experimental groups under normoxia

before the climb, under acute and chronic hypoxia during the climb, and under

normoxia after the climb. Two control groups were tested only under normoxia.

The altitude stay was found to have an adverse effect on the 6,542 m group when

compared with the controls. Group performance differed at 2 days and 21 days
after their arrival at 6,542 m and after their return to normoxia. When all the test

administrations were pooled together the authors noted an interaction between the
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levelof difficulty of theattentionaltaskandtheexperimentalandcontrolgroups:
namely,thatthedifferencebetweenthegroupswasgreaterfor thedifficult task
thanit wasfor theeasytask.

So,prolongedhypoxiadegradessomeaspectsof cognitivefunctioning.
Interestingly,Leiffien, Poquin,Savourey,Barraud,Raphel,andBittel (1997)
demonstratedthatashortacclimationprotocolbasedon intermittentexposureto
simulatedhighaltitudesproducesadaptiveprocesseswithoutmajor impairmentin
achoicereactiontimetaskduring theacutestagesof severehypoxia. Fowler,
Prlic,andBrabant(1994) extended this work in an investigation of the effects of

hypoxia on memory storage capacity (using a dichotic listening task) and speed of

retrieval from short-term memory. Hypoxia degraded the accuracy of retrieval

from memory, but there was no evidence that memory storage capacity was

impaired. In a second experiment, using a memory scanning task, some evidence

of a slowing of retrieval speed was found. A comparison of task requirements in

this and other experiments suggests that slowing of the central executive of

working memory may account for the cognitive deficits observed by others under

hypoxia.

Conclusions

Despite the common opinion that time pressure is a major contributor to stress, very little
research has been reported in recent years that is relevant to this hypothesis. In addition, studies
that have been reported are quite limited in scope. They support the conclusion that time
pressure increases errors and response variability in some tasks, that a reduction in working
memory is probable under time constraints (though this reduction is not traceable to worry about
performance levels), that a reduction in cue utilization occurs under time pressure, and that the
adverse effects of time pressure are strongest on responses that are unfamiliar and/or non-
intuitive. Clearly, the evidence is sketchy. Systematic manipulation of time pressure is needed
in future research efforts.

Workload does relate to performance in a variety of tasks and can get so high that task
performance suffers. The adverse effects of overload are related in part to the division of
attentional resources among the various components of the task to be performed. Especially
difficult in these overload conditions is the need to delete previously relevant task material that
for some reason is no longer relevant and reorganize the task as a consequence. Probably the
most interesting outcome of recent research on workload and overload relates to the manner in
which pertbrmers handle or adapt to these conditions. Participants can adjust to minor
conditions of overload by increased effort or more effective mobilization and deployment of
resources. Two strategies of resource deployment have been identified. In some cases, the
performer can incorporate the response requirements of a secondary task into those of the
primary task, in effect creating one super-task that subsumes both the primary and the secondary.
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Another strategy is to try, to discover ways to relate the stimulus material that one must deal with

to already existing knowledge that might not seem in the surface to be relevant.

Fatigue from prolonged work or sleep deprivation causes feelings of stress and, in some

cases, degrades perlk)rmance. A sometimes-observed speed-accuracy trade-off in fatigue states

illustrates two important general caveats concerning the effects of stressors on performance.

First, stress effects may be different for different measures of performance. Second, the effects

of stressors may not always be harmful. One stressor might actually facilitate one measure of

performance and simultaneously inhibit another. Under some circumstances, fatigue has latent

effects that only show up after sufficient passage of time. Further, recovery from fatigue
requires rest and time away from task. The effects of fatigue might be attributable in part to

reduced controlled processing. Incentives have been successfully used to increase controlled

processing, effectively counteracting the effects of fatigue.

Well-trained performers seem to acquire coping strategies that allow them to maintain

stable perfl)rmance levels when work sessions are of known duration and do not exceed 12 hrs.

As in the case of long-term isolation, cognitive effects of stress appear to be ameliorated by

knowledge that the stressful situation, although long, is time limited. Insufficient sleep,

combined with rotating schedules and other work demands, no doubt contributes to the

perception that fatigue is a widespread problem in the aviation community. Fatigue-reduction

strategies should he an important component of training for these tasks. For example, in
situations that require sustained attention over a prolonged period of time, e.g., during a long

overnight flight, brief, regular breaks improve alertness and performance. Sometimes

stimulating drugs can be effective in improving performance, subjective mood ratings, and

physiological indices of alertness.

Isolation and confinement are stressful but have little adverse effect of performance in a

variety of tasks. If participants are well prepared and understand that their confinement and

isolation are time-limited, performance holds up well, although mood can swing quite widely.
Prolonged hypoxia, in contrast, degrades some aspects of cognitive functioning, especially those

that emphasize speed of response. An acclimation protocol based on intermittent exposure to

simulated high altitudes can be used to offset these effects.

Individual Differences Variables

Trait Anxiety and Stress

Both general arousal level and felt anxiety increase in response to stressful

stimulation. Probably the most detailed analysis of anxiety, in response to stress,

has been provided by Spielberger (1966; 1972), who emphasized the need to

distinguish sharply between state and trait anxiety. Trait anxiety is a relatively

enduring personality characteristic which, according to Spielberger, has a strong

somatic, non-deliberate, automatic component. State anxiety is a more transitory

reaction to context and environmental stimulation, having a major cognitive
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appraisal component. Speilberger developed reliable paper and pencil measures of

these two components of human anxiety. But, most of the subsequent empirical

work using Spielberger's analysis relates to trait rather than state anxiety.

Researchers have found it difficult, if not impossible, to separate state anxiety from

other transitory consequences of a stressful event.

Low trait anxious individuals, as measured by the Speilberger tests, are less

prone to the influence of momentary stressful stimuli than are high stress prone

individuals. Similarly, the performance of low stress prone individuals on a variety

of cognitive tasks is less affected by stress manipulations than is the performance

of more stress prone individuals. Further, high trait anxious people show an

exaggerated correlation between felt negative affect or anxiety and somatic and

psychological stress (see Wofford, 2001; Wofford & Goodwin, 2002; Wofford,

Goodwin, & Daly, 1999).

Endler, Speer, Johnson, and Flett (2001 ) used independent paper and pencil

measures of self-efficacy and perceived control of situations to determine which is

the better predictor of state anxiety and of performance in cognitive tasks under

conditions of stress in both high and low actual control conditions. They found

that self-efficacy was the better predictor of anxiety across all experimental

conditions. But neither self-efficacy nor control predicted cognitive performance.

So, self-efficacious subjects are better able to handle stress in so far as felt anxiety

is concerned, but, in present circumstances, this does not relate to how well they do

cognitive tasks.

Ashcraft (2002; see also Ashcraft & Kirk, 2001) have traced the influence of

anxiety to working memory, at least in the context of quantitative problem solving.

Ashcraft has repeatedly observed an inverse relationship between (math) anxiety

and working memory capacity. Ashcraft argues that high anxious subjects have a

compromised working memory capacity, relative to low anxious subjects. The

same effect is seen when working memory is stretched by the mental arithmetic

task itself. That is, when working memory capacity is reduced by requiring

subjects to perform a concurrent memory load task, reaction times and errors on

mental addition problems are increased. Thus, high stress levels might exert a

deleterious effect of performance in quantitative cognitive tasks through the

reduction of available working memory resources. Dutke and Stroebber (2001)

have demonstrated, however, that these adverse effects of high stress and anxiety

can be compensated for, to some degree, both by enhanced motivation of

performance and by external processing aids.
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Ashcrafl'sworkingmemoryrestrictiontheoryof anxietypredictsthat high
anxioussubjectswill alsohavegreaterdifficulty makingquantitativeanalogies
basedon relationsascomparedto commonconcretestimulusattributes. Abstract
rulescreatemoreworkingmemorydifficulties thandoperceptualattributesin
general,andanxietyexacerbatestheproblem. Tohill andHolyoak (2000) induced
anxietyin collegestudentsby requiringthemto performa difficult speeded
arithmeticpre-task.Then,in afollow-on analogiestask,anxioussubjects
producedmoreattributethanrelationalresponsesrelativeto non-anxioussubjects.
Consistentwith Ashcraft'stheory,Tohill andHolyoakconcludethatanxiety
reducesthescopeof workingmemory,which is moreextensivelyrequiredby
abstractrelativeto concreteanalogies.

It is surprisingthatotherformsof memory,e.g.,retrospectiveor prospective
memory,havenot beenexaminedin thecontextof individual differencesin
anxietyor anxietyproducingmanipulations.It isnotclearat thepresenttime
whethertheeffectsof anxietyarelimited to workingmemory,asAshcraftimplies,
or aremorebroadlyconsistentwith a generalmemoryconstrictionhypothesis. It
mightbe, for example,that, asanxietyor stressingeneralincreases,thetime line
for memoryshrinks,resultingin the lossof prospectiveandretrospective
memoriesevenbeforelimitationson workingmemoryareobserved.This
possibilityremainsto beexploredin futureresearch.

In avarietyof cognitive tasks,includingdecisionmakingandsimilarity
ratings,PuryandMineka(2001)foundthathightrait anxioussubjects(relativeto
low trait anxioussubjects)arebiasedto encode(aremoresensitiveto) affect-
relevantinformation(in words,events,photographswith varyingemotional
content)thannon-affect-relevantinformation.Thiseffectoccursevenif the
affect-relevantinformationis weakor non-salient.Thus,trait anxietynotonly
narrowstheperceptual(or aperceptive)field, asshownby Easterbrook (1959), but

also specifically tunes attention to stimuli with emotional relevance, according to

Prury and Mineka. Similar and confirmatory findings were reported by Russo,

Fox, Bellinger, et al. (2001), who showed that anxious subjects are more likely to

free recall mood-congruent stimuli than are low anxious subjects and by Calvo and

Castillo (2001) who found that inferences are more often mood-based in anxious as

opposed to non-anxious subjects.

High anxiety individuals are also more sensitive to a possible threat in an

ambiguous situation than are low anxiety individuals. However, when the threat

becomes stronger, more predictable, or higher in probability, high and low anxious

subjects respond alike. Apparently, the difference between high and low anxious
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individualsresidesin part in athresholdtbr perceivedthreat. High anxious
individualsaremorecircumspectregardingpossiblethreateningeventsthanare
low anxiousindividuals(Calvo& Castillo,2001). Similarly, Russo, et al. (2001)

demonstrated that, after incidental lexical processing of a list of words, high

anxious subjects have better recall of threat-related words than low anxious. But

the different disappeared if the pre-processing is semantic rather than lexical.

These results suggest that anxiety acts primarily upon implicit as opposed to

explicit learning/memory processes.

Other Personality Variables

Other than trait anxiety, few human personality characteristics appear to

have been examined for their relationship to stress. Moreover, the studies that

have been reported yield a mixed picture. The few studies that are available tend to

focus on whether an individual's personality influences in any way how he or she

deals with acute stress. Sandal, Gronningsaeter, Erikson, Gravraakmo, Birkeland,

and Ursin, (1998) tbund that Norwegian Army and U. S. Air Force cadets,

characterized by strong instrumental and expressive personality traits as measured

by the Personality Characteristic Inventory, had lower average cortisol values and

larger testosterone-cortisol ratios than other cadets who did not measure high on

these traits. Further, instrumentality and expressiveness traits correlated with

effectiveness in dealing with unanticipated stressful events. But, these relationship

might not be reliable. The same group of researchers (Sandal, Endresen, Vaernes,

& Ursin, 1999) were not able to replicate the relationship between PCI measures

and coping strategies with submarine personnel or office workers. And, they

found no overall association between personality and physical performance of

military-related activities. Measures related to clarity of felt emotions, intensity of

felt emotions, and attention to emotional states also show an inconsistent picture.

Gohm, Baumann, and Sniezek (2001) reported that clarity correlated significantly

negatively with cognitive difficulties during emotion, but that intensity and

attention were unrelated to cognitive performance.

We found one well-executed study in which the personality of a leader was

shown to influence the performance of followers. Bowles, Ursin, and Picano

(2000) reported an assessment of the impact of the captain's personality on

performance and perceived stress in 24 air transport crews. Crews were comprised

of 3 members: captain, first officer, and second officer/flight engineer. A total of

72 pilots completed a 1.5-day full-mission simulation of airline operations

including emergency situations in a simulator. Three different personality types of

captains were defined on the basis of a cluster analysis. Crew members were tested
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for perceived stress on 4 dimensions of the NASA Task Load Index after each of 5

flight legs. Crews were divided into 3 groups based on rankings from combined

error and rating scores. High performance crews (who committed the least errors in

flight) reported experiencing less stress in simulated flight than either low or

medium crews. When comparing crew positions for perceived stress over all the

simulated flights, no significant differences were found. However, the crews led by

the "Right Stuff" (e.g., active, warm, confident, competitive, and preferring

excellence and challenges) personality-type captains typically reported less stress

than crew members led by other personality types. The conclusion is that crews

lead by more confident and knowledgeable captains are most likely to function

successfully in emergency and other abnormal situations.

Health and Coping Styles

It has generally been accepted by psychologists and physicians that stress is

a major factor affecting mental health. In addition, however, in recent years, the

role of stress in the development and progression of physical illness and disease

has become increasingly clearer. Zakowski, Hall, and Baum (1992) examined the

link between stress and health or the ability to combat illness. They reviewed

evidence establishing a significant association between several stress situations

(i.e., bereavement, depression, marital discord, job loss, examination stress, and

chronic non-specific stress) and the state of the human immune system. In

addition, they surveyed empirical studies of the health benefits of stress

management techniques, including relaxation, cognitive stress reduction, and

complex intervention. On the basis of their review, the authors concluded that

stress management is a valuable weapon against certain types of disease and

physical illnesses and against the progression of diseases already established.

Negative coping style (e.g., venting of negative emotions, denial, task

disengagement) is uniquely associated with stress-related health symptoms.

Instead of alleviating the adverse outcome of work stressors, negative styles

engender high strain and exacerbate the effects of stressors on health

symptomatology. Straining is a state of increased motivation aimed at

counteracting or overcoming supra-optimal levels of arousal. Straining is known

to put the performer at some risk regarding health and/or safety (e.g., Andries,

Kompier, & Smulders, 1996). High correlations have been found between work

stressors and psychosomatic complaints, general health, and felt fatigue and

boredom at work (Houtman, Bongers, Smulders, & Kompier, 1994). The

implication of this research is that one should avoid negative coping styles and
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avoid straining over prolonged periods of work. But this is easier said than done.

Formal stress management techniques might be required in some cases.

Occupational stress is a major source of health problems. Work place

conditions, both physical and interpersonal, have been shown to lead to negative

emotional reactions (e.g., anxiety), short term (e.g., headaches, stomach distress)

and long term (cardiovascular disease) physical health problems and poor on-the-

job performance. Ozel (2001) found that time pressure, which is often present in

the workplace, increases use of negative coping styles, which in turn threaten

health and job performance. Perceptions of control mediate some of these

problems. A control-stress model developed by Spector (2002) predicts that, under

certain circumstances, enhanced employee control of job elements has a positive

influence on health and performance. The idea is that perceived control influences

how a potentially stressful event is appraised, the extent to which negative

emotions and coping styles are evoked, and the degree of strain on the performer,

all of which mediate performance and health.

But the evidence in support of Spector's hypothesis is at best weak. As

reported earlier, Endler, et al. (2001) used independent paper and pencil measures

of self-efficacy and perceived control of situations to determine which was the

better predictor of state anxiety and of performance in cognitive tasks under

conditions of stress in both high and low actual control conditions. Self-efficacy

was the better predictor of anxiety in both high and low control conditions. But

neither self-efficacy nor control predicted performance. So, the self-efficacious are

better able to handle stress in so far as felt anxiety is concerned, but, in present

circumstances, this does not relate to how well they can do a cognitive task.

Results of this sort question the validity of the Spector's (2002) control-stress

model.

Bizi, Keinan and Beit-Hallahmi (1988) investigated the role of humor as a

means of coping with stress in a training course for Israeli combat

noncommissioned officers. Humor as an attribute of each subject was measured

both by self-report and by peer-ratings. Degree of success in coping with stress

was assessed through ratings by commanders and peers and through final course

grades. Findings suggest that humor as rated by peers (but not by self-report) was

positively related to performance under stress. Noting that there are two general

categories of stress coping strategies: (1) self-generated or active- including

confrontation, fight, and escape, which are evoked when stressors are controllable

and escapable, and (2) passive - including quiescence, immobility, and freezing,

which are elicited when the stressor is inescapable (Keay & Bandler, 2001), Bizi
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et al. concluded that the effects of humor were especially strong for active humor

(self-produced) as opposed to reactive or passive humor. In a related study,

Bhagat, Allie, and Ford (1991) described active problem-solving coping strategies

and passive emotion-focused strategies observed in school teachers as they
encountered stressful situations in the classroom. Parallel to the results of Bizi et

al. (1988) in a different setting, they found that problem solving strategies

moderated organizational stress-life strain and personal life stress-life strain

relationships to a far greater extent than did emotion-focused coping strategies.

Active and passive coping styles are related to the way in which a performer

interprets the task at hand and appraises the stress that it entails. As we have seen,

the same task can be appraised as a threat by some individuals and a challenge by

others. Larsson (1989) was one of the first researchers to document this difference.

As reported earlier, Larsson found that the performance of Swedish military

personnel on an artillery simulator degraded and negative coping increased with

stress. However, personnel who appraised the task as a challenge demonstrated

positive coping and better performance, relative to those who appraised the task as

a threat, under all stress conditions.

Wallbott and Scherer (1991) assigned subjects to two groups on the basis of

their characteristic approach to dealing with stress. Groups consisted of (a)

anxiety denying individuals, who verbally deny their stressful experiences, (b)

individuals who are truly low anxiety reactors to stressful conditions, and (c) high

anxiety individuals who react strongly and overtly to stressors. These subject types

were confronted with both low- and high-arousal-inducing situations, using two

different types of stressors, a cognitive stressor (based on the difference between

easy and difficult problems to solve) and an emotional stressor (based on the

presentation of pleasant or unpleasant slides for viewing). Arousal reactions were

measured in two response modalities: verbal report of subjective experience and

physiological reactions. Stress manipulations were effective for all subjects.

Physiological indicators were higher in stress conditions for anxiety deniers and for

high anxiety subjects, relative to low anxiety subjects. The differences among

groups were exacerbated in the cognitive stress as opposed to the emotional stress

conditions and were greater for women than for men. The authors claim that

coping style clearly mediates not only conscious verbal appraisal of a stressful

situation, but also concomitant physiological activity.

Bohnen, Nicolson, Sulon, and Jolles (1991) stressed middle aged and older

women with 4 hrs of continuous mental tasks. Performance levels remained fairly

steady throughout the session but increasingly and significantly higher cortisol
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levels were observed over time, in comparison with a control session. Individual

variability in cortisol response was high. Correlational data indicate a significant

negative relationship between the use of a coping technique that relied on

"comforting cognitions" and individual cortisol response during mental stress.

Comforting and emotion-focused coping may be effective in this situation because

of the subject's efforts to reframe the inevitable situation in a positive and self-

encouraging way. There was no significant relationship between trait anxiety and

individual GC susceptibility to mental stress.

Conclusions

There is a clear difference between high and low trait anxious subjects on a variety of

cognitive tasks. High anxious subjects not only tend to perform more poorly but also are more

concrete in the mode of responding. There is some evidence that this difference can be traced to

the fact that anxiety might compromise the working memo U system. Another effect of anxiety

is its tendency to sensitize the individual to threatening or emotional stimuli. Most of the data on

trait anxiety and cognition have been collected in tile laboratory and there is little evidence to

support the extension of these findings to the real world. While there is some promising

preliminary evidence from sports psychology, more field studies need to be conducted to
determine the extent to which differences between anxious and non-anxious subjects reported

above generalize to the real world.

The literature provides little guidance as regards the role of personality traits, other than

anxiety, in the stress/performance relationship. It is unclear whether there simply isn't much

research being done or whether the results of completed research are so inconclusive or

unrevealing with respect that possible relationships that they are not publishable.

In recent years, it has become clear that an association exists between several stress
situations {i.e., bereavement, depression, marital discord, job loss, examination stress, and

chronic stressl and changes in the human immune system. A negative coping style is uniquely
associated with stress related health symptoms. Occupational stress is a major source of health

problems. Work place conditions, both physical and interpersonal, have been shown to lead to

negative emotional reactions, short term and long term physical health problems, and poor on-

the-job performance. Perceptions of control mediate some of these problems.

There are two general categories of stress coping strategies: ( 1) self-generated or active -

including confrontation, fight, and escape, which are evoked when stressors are controllable and

escapable, and (2) passive - including quiescence, immobility, and freezing, which are elicited

when the stressor is inescapable. Active and passive coping styles are related to the way in which

a performer interprets the task at hand and appraises the stress that it entails. Coping style

mediates not only conscious verbal appraisal of a stressful situation, but also concomitant

physiological activity. Correlational data indicate a significant negative relationship between the

use of a coping technique that relied on "comforting cognitions" and individual cortisol response

during mental stress.
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Stress Countermeasures

Task Conditions

Human beings are extraordinarily adaptive and usually can find ways to

adjust to stress even if they cannot completely overcome all of its adverse effects.

Slaven and Windle (1999) showed that volunteers for survival training in a

disabled submarine did not exhibit any significant performance decrements on

reaction time and short-term memory tasks over 7 days. Even though the self-

reports of these subjects suggested degraded feeling states, apparently they found

ways to compensate in performance for the chronic stress of a relatively severe

environment, at least in simple cognitive tasks. Adaptation to chronic stress is

apparently quite good, if not prolonged indefinitely.

But there are many demonstrations of both the positive and negative effects

of stress on performance, beyond what people can be expected to adapt to. The

development of effective training procedures to prepare the individual to resist the

negative impact of stress is of considerable interest, not only to the government

and military but to all individuals. There has been a fair amount of speculation

about what steps might be taken to counteract the effects of stress when they are

adverse. But unfortunately, there is relatively little data to support the

effectiveness of proposed countermeasures. The countermeasures for which there

is the greatest amount of empirical support are those that rely on training in

preparation for stressful events. Training that increases automatic processing in

standard performance operations under stress has generally been found to be

desirable (Kivimaeki, & Lusa, 1994). Empirical evidence for this conclusion

comes from Li, Baker, Grabowski, and Rebok (2001). These researcher analyzed

data from a large sample of aviation crashes, collected by the National

Transportation Safety Board, in an attempt to identify the associated pilot

characteristics and crash circumstances. Li et al. found that amount of flight

experience was the single most protective factor, reducing pilot error in general

aviation crashes. Li et al speculate that training beyond the level of mere mastery

- in other words, overtraining - is an extremely effective antidote against error

caused by unexpected stressful events occurring during normal flight operations.

Consistent with this conclusion are the results of Tsang and Voss (1996),

who demonstrated that pilot experience was a more important factor than age on a

battery of cognitive tasks related to piloting. Other supporting evidence comes

from Wiggins and O'Hare (1995), who examined decision-making performance

and information acquisition strategies of inexperienced, intermediate_ and



StressandCognition 84

experiencedpilots.Datawereobtainedfrom informationsearchpatternsandverbal
protocolsduringaseriesof 6 computer-basedsimulatedflight scenarios.The
resultsrevealedsignificantquantitativeandqualitativerelationshipsbetweenthe
effectivenessof cognitivestrategiesusedandtheexperiencelevelof pilots.
Additionalevidencecomesfrom Stokes(1995),whoexaminedtheeffectsof
expertiseonstressedaeronauticaldecisionmaking(ADM) performancein a flight
simulationtask.Noviceandexpertpilots wereadministeredabatteryof cognitive
tests,personalitytests,anda flight simulationtaskunderstressedandnon-stressed
conditions.Bothgroupsshowedasignificantdecrementin performanceunder
stressin thenon-domain-specifictasks.However,therewasnoperformance
decrementin ADM understressby experiencedpilots.Only novicepilots made
poorerdecisionsunderstress.Measuresof knowledgerepresentationwerevery
predictiveof proficientADM understress.

But this is aboutthe extentof theevidence. Despitethe intuitive appealof
anover-traininghypothesisregardingtheeffectsof stressandthe fact that many
psychologistsappearto assumethatover-trainingis thebestway to preparefor the
adverseeffectsof stress,thereare really very few supportingexperimentaldata.
Thus, the study of over-training would appearto be a fruitful area for future
research.

Fatigueis an insidiousthreatto aviationsafetybecauseof the impairments
in alertnessandperformanceit cancreate.The fatigueassociatedwith sleeploss,
shift work,andlongdutycycles,if it persists,cancauseaviatorsto becomesloppy,
inattentive,careless,andinefficient, althoughsometimesperformanceholdsup
remarkablywell. Theonly curefor fatigueis adequatesleep;however,gaining
sufficientamountsof sleepis oftendifficult becauseof work requirements,family
demands,or poorsleephabits. Becausetheseconditionsarenot alwayseasyto
change,researchershaveexaminedotherpossiblecountermeasures,with varying
degreesof success.Caldwell(1997)hasarguedthat pilotscanimprovetheir sleep
habitsandthusgainmorerestfulandrestorativesleepby usingself-administered
relaxationtherapy,establishingconsistentandsoothingbedtimeroutines,and
avoidingcertainactivitiesandsubstancesimmediatelyprior to sleep.When
opportunitiesfor adequatesleeparenotavailablebecauseof work-relatedfactors,
prophylacticnapsmight sustainperformanceuntil sleepis possible.

As notedearlier.Neri, et al. (2002)collecteddataonbreaksandnappingin a
study of air crews during an uneventful,6 hr, nighttime simulatedflight. They
claimedthat, in situationsthat requiresustainedattentionovera prolongedperiod
of time, e.g.,duringa longovernightflight, brief, regularbreaksor napscounteract
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fatigue and improve alertness,although they have little or no effect on other
measuresof flight performance.Doesit makea differenceif a personis required
to fill a breakwith activity? LeDuc, Caldwell,and Ruyak(2000)had volunteer
flight personnelengagein 10-minboutsof exerciseduring one 40-hr period of
sleep deprivation. The samesubjectsrestedfor an equivalentamount of time
during a seconddeprivation period. Participantswere more alert immediately
following exercisethan after the resting,control condition. However,EEG data
collected 50 min following exerciseor rest showed that exercise facilitated
increasesin slow-waveactivity, signs of decreasedalertness.Cognitive deficits
and slowed reaction times associatedwith sleep loss were equivalent in both
conditions.The resultsfrom this study suggestthat shortboutsof exercisemay
amelioratesomeof the increasesin sleepinessand fatigue associatedwith sleep
loss for a short period of time but are no more effective than unfilled breaks.
Neitherexercisenorbreakshada significanteffecton thelikelihood of errors.

Whatdopilotsthink is thebestway to counteracttheadverseeffectsof
fatigue'?RosenbergandCaine(2001)distributedasurveyquestionnaire
containingbackgroundmaterialandLikert-scalequestionsregarding14primary
throughtertiary fatiguepreventioninitiativescurrentin theaero-medicalliterature
to a largenumberof pilots.The mostpopularprimarypreventioninitiatives
(garnering 87% support) were: (1) requiring pilots to arrive at the squadron at least

3 hrs before night flights to facilitate napping time, and (2) improving scheduling

coordination of those air reservists employed as civilian aircrew. The chief (88%

support) secondary prevention countermeasure endorsed was to utilize stimulant

drugs such as caffeine or amphetamines to sustain the alertness of fatigued

aviators. Leading the list of tertiary prevention initiatives (75% support) was the

suggestion that squadrons debrief the incidence of aviator fatigue, as well as their

success in the area of time-management when debriefing high tempo exercises and

operational missions. Thus, at least subjectively, commanders and pilots believed

that a wide range of fatigue countermeasures are effective, with the use of

stimulant drugs achieving the broadest support.

In support of these survey conclusions, the results of Caldwell (2001)

showed that the stimulants, dextroamphetamine or modafinil, have a beneficial

effect, relative to a placebo control condition, on performance, subjective mood

ratings, and physiological indices of alertness in pilots. Further, Baranski, et al.

(2002) reported that a general reduction in cognitive performance on seven

different cognitive tasks, caused by 40 hrs of sleep deprivation, was largely

eliminated by modafinil. Ramsey and McGlohn (1997) reviewed the literature on

the potential of zolpidem as a pharmaceutical against fatigue in US Air Force
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operations. Results indicate that zolpidem appears to cause less global impairment

than benzodiazepines during peak effect, and is free of persistent performance

decrement or hangover effect. In fact, few adverse effects have been reported for

this stimulant. Several studies suggest a benefit of effective sleep produced by

hypnotics on next day performance compared with sleep of questionable quality

using no medication. The upshot of available data seems to be that stimulants can

be effective countermeasures against fatigue, as long as drug use is moderate and

infrequent and the user is monitored for signs of addiction.

In simple memory and cognitive tasks, Arbuthnott, Geelen_ and Kealy

(2002) showed that guided imagery can be substituted for real experiences and

practice. Similar results have been claimed in sports training. Although there are

no data yet available in real life emergency situations, the suggestion is that

training might fruitfully include a requirement to imagine emergencies vividly

during practice of required responses. Laboratory and sports training results

suggest the possibility of positive transfer to performance in real emergency
situations.

Under pressure, people are more stressed, anxious, and aroused and more

self-conscious about their performance than under normal circumstances.

Consequently, they try to exert greater conscious control over their actions, rather

than allowing the skills they have acquired to guide their performance implicitly.

Beilock and Carr (2001) argue that training in an environment in which one is

forced to attend to performance tYom the outset immunizes the learner against the

negative effects of social, competitive, and other pressures. Golfers in a self-

monitoring condition were better protected against choking than others because,

during training, they had adapted to the impact of conscious self-awareness and

were able, unlike participants in the other two conditions, to rely on implicit

procedural memories to guide their performance. Without such training, choking

is a possible consequence of intense social pressure.

Keinan Friedlan& and Sarig-Naor (1990; see also Friedland & Keinan,

1992; Keinan, 1988) compared two basic approaches to phased training (PT) for

performance under stress. One approach required that trainees be exposed to

stressors of a kind and intensity characteristic of the situations for which they are

being trained, including serious physical threats ("high fidelity" training). It has

been argued by trainers that such an approach is inappropriate because it suffers

from the interference of stressors with skill acquisition. Another approach allowed

trainees to learn in a stress-free environment or under low-intensity stressors ("low

fidelity" training). An argument against this approach is that it leaves the trainee
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insufficientlypreparedto performwhenstressorsfirst occur.Theprocedural
reinstatementprincipleof HealyandBourne(1995)predictsthatthefirst approach
will besuperiorfor in-the-field pertbrmance and that prediction was sustained by

the data. The data are also consistent with those of Beilock and Carr (200 i) who

found that training under stressors that might occur in the field serves to innoculate

performers against choking. However, Keinan et al. (1990) also found that an

approach which consisted of three separate and distinct training phases -- a phase

which allows the trainee to acquire the task under stress-free conditions, a phase

which allows him or her to passively experience the stressor, and a phase in which

newly acquired skills are practiced under stress - yielded best transfer performance

of all.

Steyvers and Gaillard (1993) speculated that knowledge of results (KR) and

rewards could compensate for the negative joint effects of sleep deprivation and

signal degradation in a choice-reaction task. The negative effect of signal

degradation on performance was aggravated by sleep loss and time-on-task. KR

improved performance, especially when signals were degraded. Reward

counteracted to some extent the effects of time-on-task owing to lack of sleep.

Dutke and Stroebber (2001) have demonstrated that the adverse effects of high

stress and anxiety can be compensated for to some degree by enhanced motivation,

as might be provided by KR, and by external processing aids. Steyvers and

Gaillard (1993) also demonstrated that performance in their task was improved by

a brief task interruption after 30 rain. work, a result similar to the effects of short

breaks on fatigue reported by Neff, et al. (2002).

Following up these results, Becker, Warm, Dember, and Hancock (1995)

tested the hypothesis that the adverse effects of stress can be partially offset by

supplying the performer with a certain tbrm of augmented feedback on his or her

responses. Stress was induced by exposure to intermittent jet aircraft noise

occurring during a visual vigilance task. The experiment included six conditions

resulting from factorial combination of 3 levels of noise (high-intensity, low-

intensity, and no-noise control) and 2 KR conditions (augmented KR and no KR-

control). When compared to subjects performing in quiet, subjects operating in

noise were less able to profit from augmented KR. Noise also elevated the

perceived workload. Results suggest that stress induced by jet engine noise is not

easily attenuated by KR at least in demanding cognitive tasks. In addition,

workload elevations engendered by such noise could lead to other negative

consequences, such as fatigue, mood changes, and absenteeism. It is difficult to

arrange external conditions that countervail such deleterious effects of stress. But

Becket et al. (1995) also found that internal conditions (e.g., inducing subjects to
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try harder) can sometimes effectively offset stress effects, just as Steyvers and

Gaillard (1993) had reported.

It has been argued occasionally, but without supporting evidence, that cross-

training in a team context for team decision-making under time stress improves

overall team performance. In a simulated naval surveillance task, McCann,

Baranski, Thompson, and Pigeau (2000) tested the hypothesis that teams whose

members explicitly experience all team positions will perform better under time

pressure. Further, they posited that experiential cross-training would reduce the

negative effect of member reconfiguration that can occur in certain military

situations. Three groups of teams (cross-trained [CT], reconfigured, and control)

were involved in 3 team training sessions, followed by 3 time-stressed exercise

sessions. During training, one group was cross-trained by asking each member to

perform an entire session at each of the 3 team positions. Member reconfiguration

(where each member was shifted to another's position) was introduced at the first

of the exercise sessions for the CT group and for the non-CT reconfigured group.

The control group was neither cross-trained nor reconfigured. During training, the

performance of non-CT teams improved more quickly than that of CT teams.

During the exercise, the CT group did not achieve the level of performance of the

control teams. The immediate effect of team member reconfiguration was to

degrade performance significantly for the non-CT teams. Thus, cross-training and

reconfiguration degrade rather than improve team performance under stress.

Cross-training is not an antidote to stress.

Stress Management

Stress is a fact of life, whether on Earth or in Space, and stress, as we have

seen in earlier sections of this report, can have serious adverse effects of human

cognition and performance. Stress levels vary with people and situations, but there

is hardly anyone who has not experienced significant stress at one time or another.

How can we effectively deal with stress'? Some people seem to be more successful

that others. They might have developed coping strategies on their own for

contending with the adverse effects that they might otherwise suffer. But it is also

possible to train anyone to manage stress in a more successful manner. Training

programs, often called stress management programs (SMPs), have been developed,

primarily by clinical psychologists, for this expressed purpose.

Bernier and Gaston (1989) reviewed the literature on a variety of personal

SMPs and found that most of them, compared with no treatment, had a beneficial

effects on both somatic and cognitive measures of stress. Further, successful
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completionof aprogramusuallyhasalastingeffect,improvingbothimmediate
andlateracademicor work performance.BernierandGastonreportedno
differentialeffectivenessof thevariousSMPsincludedin their study,however.In
a follow-on,Zakowski,Hall, and Baum(1992)reviewedevidenceestablishinga
significantassociationbetweenseveralstresssituations(i.e.,bereavement,
depression,maritaldiscord,job loss,examinationstress,andchronicstress)and
thestateof thehumanimmunesystem.Theythensurveyedempiricalstudiesof
thehealthbenefitsof SMPs,includingrelaxationtherapy,cognitivestress
reductionprocedures,andcertaincomplexsituation-specificinterventions.On the
basisof their review,theauthorsconcludedthatstressmanagementis avaluable
weaponnotonly againsttemporaryinterferencewith performanceattributableto
stress,but alsoagainstcertaintypesof diseaseandphysicalillnessesandagainst
theprogressionof diseasesalreadyestablished.As with thereviewof Bernierand
Gaston(1989),nodifferential effectivenessof variousSMPswasestablished.

Still anotherreviewof the literaturewaspublishedby Murphy (1996),who
examinedtheresearchon thehealtheffectsof work-sitestress-management
interventions.Murphyfound 64majorarticlespublishedbetween1974-1994
coveringprogressivemusclerelaxation,meditation,biofeedback,cognitive-
behavioralskills, andcombinationsof thesetechniques.Healthoutcomemeasures
includedphysiological/biochemicalindices,psychological/cognitivetests,and
somaticcomplaints.Jobperformanceandorganizationalmeasureswerealso
taken.Overhalf thestudieswererandomizedcontroltrials,butonly athird
includedpost-trainingfollow-up evaluations.Biofeedbackwastheleastfrequent
techniqueusedin work settingsandseemedto be theleasteffective.Meditation
producedthemostconsistentresultsacrossoutcomemeasuresbutwasusedin only
6 studies.In general,approachesusingacombinationof techniquesweremore
effectiveacrossoutcomemeasuresthansingletechniques.DeJongand
Emmelkamp(2000)foundthat manySMPscanbeeffectivelyadministeredby
paraprofessionals,thusreducingtheexpenseof thesetrainingprogramsthatmight
otherwisebeincurred. Moreover,Jason,Curran,Goodman,andSmith(1989)
haveshownthata televisedstressmanagementprogram,featuringa definition of
stress,adescriptionof typical somaticresponsesto stress,the identificationof
majorlife stressors,instructionaboutsocialsupportnetworks,anddemonstrations
of behavioral,cognitive,andpsychologicalcopingstrategiesresultedin significant
improvementin theadjustmentof viewers.Viewerswhoexperiencedthemost
seriouslife stressorsbenefitedmostfrom theprogram.

Tallant,RoseandTolman(1989)evaluatedtheeffectivenessof astress
managementtreatmentbasedspecificallyon transactionalandgrouptreatment
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theory.Treatmentcomponentsincludedteachingthecognitive-behavioralskills of
relaxation,cognitive restructuring,andassertivenesswithin astructuredsmall-
groupsetting.32 symptomaticvolunteerswereassignedto eitheratreatmentgroup
or await-list condition.Treatmentconsistedof 8 2-hrweeklygroupsessions.On
all dependentmeasuresof stress(including theProfileof Mood States),the
treatmentsubjectsevidencedsignificantpre-to posttestreductionsin anxiety,
comparedto thewait-list controls.

Saunders,Driskell, Johnston,andSalas(1996)reportedameta-analysisto
determinetheoveralleffectivenessof stressinoculationtrainingandto identify
conditionsthatmaymoderatetheeffectivenessof thisapproach.The analysiswas
basedona totalof 37studies,representingthebehaviorof 1,837participants.
Resultsindicatedthat stressinoculationtraining isaneffectivemeansfor reducing
laterperformanceanxietyandstateanxiety,andfor enhancingperformanceunder
stress.Moreover,anexaminationof moderators,suchastheexperienceof the
trainer,thetypeof settingin whichtrainingwasimplemented,andthetypeof
traineepopulation,revealednosignificantlimitationson theapplicationof stress
inoculationtraining to appliedtrainingenvironments.Like otherreviewersof the
literature,theseauthorsconcludedthatall SMPswork to somedegree.This
conclusionhasledsomeobserversto wonderabouttheextentto whichthepositive
effectsobtainedfrom SMPsmightbeattributableto somesortof Hawthorneor
PlaceboEffect. Futureresearchwill clearlyhaveto addressthisquestion.

Thereareseveralstudiesin therecentliteraturedesignedto evaluateSMPs
that aretied in closelyto particularoccupations.An exampleis thework reported
by ShipleyandBaranski(2002),thatusedvisuo-motorbehaviorrehearsalasa
methodto reduceacuteanxietyandimprovethejob performanceof policeofficers.
Trainingemployedhighlystressful,critical eventscenariosinvolving simulations
of life-or-deatheventsandlive gun-fire. Trainedsubjectsreportedlessanxietyand
reactedmoreeffectivelythanuntrainedcontrolsubjectsin subsequenttest
scenariosandin emergencyon-the-jobsituations.Clearly,training for specific
emergencysituationsis usefulpreparationforjob relatedstressfulevents.But the
generalityof thesetrainingeffectsis uncertain.Theseeffectsmightbe limited to
theparticulartrainingscenariosandtheproceduresneededto respondto them,as
is suggestedby theproceduralreinstatementprinciple(Healy& Bourne, 1995).
Follow-on researchwill berequiredto determinehow broadlypre-training
methodswill generalizein thejob situation.

Therecentliteraturein sportspsychologyonstressandanxiety,andtheir
management,hasbeenreviewedby Humara(2002). Interestingly,Humarafound
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limited empiricalevidenceof theeffectsof anxietyon sportsperformance,even
thoughtheseeffectsseemintuitively clearandthereis agreatdealof anecdotal
literatureaboutthem. What datadoexistpoint to agreaterrole for cognitive
anxiety,basedonaperson'sappraisalof theimmediatecompetitivesituation,than
for somaticanxiety,i.e., physiologicalarousalcomponentsof thecompetitive
situation. ThemosteffectiveSMPsfor sportsanxietyarebasedoncognitive-
behavioraltherapy,which is consistentwith thegreaterrole of cognitiveanxiety.
Humarafinds thattheseproceduresdo requireatherapistfor maximal
effectiveness.Thegoalsof therapy,accordingto Humara,shouldbe(a) to control
anxietyona moment-to-momentbasisduringcompetitionand(b) to discovera
cognitivestrategythatoptimizesthelevelsof bothcognitiveandsomaticanxiety.
Strategiesthathavebeenfoundto bemostsuccessfulfor controllingstressin
sportingeventsinclude:Goal-setting,positivethinkingaboutoutcomesof
competition,situationrestructuringwherenecessary,relaxation,focusedattention
training, imageryandmentalrehearsal.

Crocker(1989)conducteda 6-mo follow-up studyof 7 maleand7 female
elite volleyball playerspreviouslys_udiedin aprogramthatassessedcognitive-
affectivestressmanagementtraining. In thefollow-up, subjectscompletedseveral
inventoriesof sportsanxietyduringathleticcompetition.Volleyball service
receptionperformancewastheprimaryperformancemeasure.Findingsindicated
that bothmaleandfemalesubjectswereableto maint:fintheimproved
performancelevelstheyhadachieved6 mo.earlier,immediatelyafterSMP
training. Womenbut notmenshowedsignificantlyreducedanxietyeffectsin the
follow-up, relativeto pretreatmentor immediatepost-treatment.Thustheremight
beagenderdifferencein thepositiveeffectsof stressmanagement,thatreveals
itself in feelingsof anxietybutnotnecessarilyin performance.

Inzana, Driskell,SalasandJohnston(1996)providedaninteresting
empiricalexampleof thecognitivecontroloversomaticanxietycreatedby stress.
Theseauthorsshowedthatpreparatoryinformationaboutthestressfulnatureof a
taskenhancedlaterperformancein that task(realisticdecisionmaking)underhigh
stressconditions,relativeto low stressandcontrolconditions.Preparedsubjects
reportedfeeling lessstressed,weremoreconfidentof their ability, andmadefewer
errors.As notedearlier,Rohrmann,et al. (1999)reportedsimilar datain supportof
cognitivecontrolof psycho-biologicalreactionsto public speakingstressand,
DanboyandGoldstein(1990)showedthathowapersonappraisespotentially
stressfulsituationscontrolsto somedegreetheemotionthesesituationsengender.
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As theforegoingexperimentalresultswouldsuggest,oneimportant
componentof mostcognitive--behavioralstressmanagementprogramsis the
provisionof rehearsalopportunitiesfor copingskills. Stressmanagementskills are
mosteffectivewhenpeoplehaveampleopportunityto practiceor rehearseusing
themin non-stressful,simulated,or imaginarystressfulsituations(Smith& Nye,
1989).Componentanalysesof stressinoculationproceduresindicatethat failure to
providesuchrehearsalopportunitiesresultsin relatively ineffectivecopingin real-
life stresssituations,particularlywhensituationaldemandsarehigh

Two rehearsalstrategieshavebeenusedeffectively in copingskills training
programs.Onetechniqueis calledcovertrehearsal.In thisapproach,subjectswho
havebeeninstructedin relaxationandcognitivecopingskills imaginethemselves
applying themto copewith potentially stressfulsituations.If affective responses
occur during an imagined stressfulepisode,clients are instructed to use their
copingskills to reducethem. No attemptis madeto generatehigh levelsof affect,
since the assumptionunderlying this inoculation model is that exposure to
imaginedand low levelsof stresshelpspreparepeopleto deal successfullywith
higher levels in the future. The value of covert rehearsalin acquiringcognitive.
affect--control, and behavioralskills is well established,whether the focus of
imageryinvolvesoneselfor modelsexecutingadaptiveresponses.

A differentapproachemphasizesovertattemptsatrelaxationunderinduced
affector emotionalarousal.Theinducedaffect,overt rehearsaltechniqueelicits
high levelsof affectivearousalin responseto stressfulscenes,whichcanbeeither
realor imagined. Inducedaffectis designedto allowovert rehearsalof relaxation
andcognitivecopingresponsesin thepresenceof two kindsof cues:(a)external
cuesthattendto elicit stressresponsesand(b) internalcuesresultingfrom the
emotionalarousalprocessitself.Thepremiseis thatlearningto control
emotionalityunderthesecircumstanceswill facilitategeneralizationof coping
skills acrossawide rangeof stressfulsituations.

SmithandNye (1989)comparedtheeffectivenessof covertandovert
rehearsaltraining.Bothconditionsproducedsignificantreductionsin testanxiety,
butovert rehearsalyieldeda largertest-anxietydecreasethandid covertrehearsal,
andgreaterimprovementin academictestperformancewhencomparedwith a
control condition.Covertrehearsal,on theotherhand,exhibitedstronger
generalizationof treatmenteffectsto avarietyof testsituations.In the induced-
affect condition,improvedtestperformancewashighly correlatedwith reductions
in stateanxiety.Nosuchrelationwasfoundfollowingcovertrehearsal,which
suggeststhatthetwo rehearsaltechniquesmightoptimallypromotetheacquisition
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and utilization of different classes of coping skills. Where the goal is to develop

coping skills specific to a particular context and task, induced affect coupled with

overt rehearsal appears to have an advantage both in terms of felt anxiety and

performance under stress. Similar strong beneficial effects of overt relaxation

exercises have been observed in stressful military, tasks by Midgal and Paciorek

(1989).

Conclusions

At high enough levels, stress has advers,_ effects of performance and cognition. There is

an extensive literature, spanning basic and applied research, to document these effects. In

contrast, unfortunately, there is little empirical data on effective countermeasures to stress.

There is considerable speculation, but little that we can be sure about. The best established

countervailing condition is practice or training, or better over-training. The more thoroughly

versed in the requirements of a task the performer is, the less the adverse effect of stress.
Beyond normal training, training that incorporates exposure to potential stressful events is also

useful. When stress arises from prolonged work period and fatigue, stimulant drugs and short

period breaks serve as an effective countermeasure. Providing augmented feedback and added
extrinsic reward or motivation have been shown to have a positive influence on pertk_rmance.

But some recommended measures, like cross-training of a crew so that all crew members are

familiar with the requirements of all tasks, have disappointing effects.

Stress management procedures (SMPs) have been developed, primarily by clinical

psychologists, to assist normal people to respond successfully to and in the context of stressful

situations. Among the most common procedures are progressive muscle relaxation, meditation,
biofeedback, and cognitive-behavioral skills training. There have been many studies assessing

and comparing SMPs for their effectiveness. The most effective SMPs are those that depend on
relaxation and the acquisition of cognitive-behavioral coping skills. These procedures have been

shown to work in various occupations, in academic settings, and in sports. One major

component of stress management training focuses on learning proper techniques of appraisal for

potentially stressful situations. Both covert and overt rehearsal of stress coping skills have been
used with some successful, although the bulk of the evidence suggests that stronger effects are

obtained from overt rehearsal. Most survey studies conclude that all SMPs work to some

degree. This observation has led some observers to wonder about the extent to which the

positive effects observed from SMPs are attributable to some sort of Hawthorne or Placebo
Effect

There is some support for the retention of beneficial effects from SMPs over time, but

little knowledge exists about their generality. Given recent empirical support for the procedural

reinstatement principle, which implies that any training effects are likely to be specific to the
circumstances under which training takes place, there is clearly a need for future research on the

transfer limitations of SMP training.
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Other Reviews of the Literature

There have been other published reviews of the effects of stress on human

performance, although none as recent as the one reported here and none that has

focused explicitly of the work of cognitive psychologists. We found one of these

reviews particularly insightful and useful as a guide to our own search of the

literature. This review appears is a chapter by Orasanu and Backer (1996) in an

edited book complied by Driskel and Salas (1996). Orasanu and Backer focus on

the combat/military environment and its concomitant stressors. The authors divide

stressors into two categories: physical and environmental (sleep deprivation,

fatigue, noise, temperature, crowding, isolation) and psychological (threat/danger

signals, lack of control, and the individual's perceptions and interpretations of

these physical stressors). In describing the military/combat environment in which

these stressors occur, the authors comment that the battlefield of the future will

likely raise the information processing demands on combatants and that

"psychological stressors'" will become even more important in dictating the level of

performance of individuals. In general, the conclusions regarding stress effects

reached by these authors on the basis of their review of the literature are quite

similar to and highly consistent with those reported here.

Orasanu and Backer propose certain countermeasures for these two

categories of stressors, and review some research on the effectiveness of these

countermeasures. The three countermeasures they identify to be of primary

importance are Stress Inoculation Training (SIT), skills training, and Crew

Resource Management (CRM). SIT is a package that educates the individual about

stress and stressors, provides different stress management techniques to learn, and

demonstrates the application of preferred techniques to simulated and actual

situations. Skills training requires practice under operational conditions before

exposure to performance demands in the combat situation, with an emphasis on

over-learning. Skills training as a stress reducer is connected to the idea of tasks

becoming so well learned that performance becomes "automated" and thereby

more resistant to stress. Finally, CRM represents the application of social

psychology and management theory to combat team ("crew") interactions. Diverse

individuals comprising a crew are trained to share a "mental model" of military

operations and problems. Later evidence on the effectiveness of this technique has

been weak and inconclusive. But the authors summarize by pointing out that "all 3

techniques can give military personnel a greater sense of control over themselves

and threatening situations--a critical factor in maintaining performance under

stress.
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Conclusions drawn by the authors are well known to the reader of the

present review:

(1) The presence of certain stressors leads to decrements in performance, and to

measurable physiological and affective reactions

(2) Different stressors have different effects: there is no such thing as a single
_stress reaction"

(3) There are significant variations in the effects of stress on different individuals

(4) Various tasks are differentially vulnerable to various stressors.

Summary and Conclusions

The psychological effects of stress have been measured in various ways.

inside and out of the laboratory. These measures fall into three categories, those

that rely (I) on neuro-physiological or bodily changes in the individual

experiencing stress, (2) on self-report by individuals, and (3) on performance or

behavioral changes. Several physiological responses are reliably correlated with

the experience of stress and with the occurrence of stressful physical stimuli. One

response arises in the autonomic sympathetic nervous system, which controls both

neural and hormonal processes. A second principal stress-response system is the

brain-pituitary-adrenocortical axis, which regulates the release of glucocortical

(GC) hormones into general circulation. Two of the most salient hormonal

responses to stress are increases in norepinephrine and cortisol, GCs manufactured

and released by the adrenal cortex. A third is the immune system. Although

chronic stress typically produces suppression of a wide range of immune system

parameters, acute stress has been found to stimulate certain aspects of immune

system function.

Measures of physiological responses can serve at least three distinct

purposes in research. First, they can help independently to determine the

challenging or stressful character of current circumstances. Second, they permit an

assessment of correlations between physiological and cognitive variables. Third,

these measures allow the investigation of possible mediating relationships between

physiological states and cognitive functioning. To measure physiological reactions

to stress, the following procedures seem most useful. First, with respect to the

action of the sympathetic nervous system, researchers have examined a variety of

peripheral response measures, including, but not limited to, increases in heart rate

(HR), blood pressure (BP), respiratory rate, perspiration, and inhibition of

digestive and sexual functions. Second, with respect to the brain-pituitary-

adrenocortical axis, researchers have measured adrenocortical cortisol in the saliva

of human subjects. The immune system cytokine product interleukin-6 (I1-6),
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states of ( 1) strain or mobilization, wherein the person recruits untapped resources

to maintain performance levels when arousal is supra-optimal, (2) degradation,

wherein mobilization fails and performance suffers but does not fail, (3) choking,

wherein performance declines severely and might fail as the organism over-thinks

the tasks at hand, and (4) panic, wherein performance reverts to non-cognitive

primitive modes of reaction. Research has established the basic parameters of

these states, but little is known in detail about situations and individual differences

that are conducive to them or about the cognitive difference among states. This is

fertile ground for future empirical research.

Anticipation of a stressful event, such as a parachute jump or piloting a

plane, often engenders a great deal of uncertainty. Emotions can range from

extremely negative Cworry, fear, anxiety) to positive (exhilaration, hope,

eagerness). When potentially stressful events are appraised as challenges rather

than threats, subjects exhibit better coping styles, more positive emotional feelings,

greater confidence about performance, and typically perform better on the task.

Because coping styles, appraisals, and emotional feelings are typically measured in

these studies in advance of the stressful event, they all appear to have significant

roles in mediating or determining performance. But, it is also possible that

individuals who are better prepared for a task are more positive about their

performance, have more confidence, adopt better coping strategies, and are less

likely to see the event as a threat. What is needed to clarify the cause and effect

relationships involved here is a technique for experimentally manipulating

preparation and appraisal independently, but such a technique has not yet been

reported in the literature.

There is a fair amount of agreement in the current literature on appraisal and

stress. First, cognitive appraisals play a significant mediating role in biological

reactions to stress. Second, performance outcomes depend in part on whether the

subject appraises the situation as a challenge or a threat. Third, appraisals tie into

coping styles such that challenges are associated with positive and more successful

coping styles whereas threats are associated with negative styles. But the picture is

not completely clear. It might be that, in all the experimental situations explored to

date, more competent people are more likely to view any situations as a challenge

rather than a threat. If this is the case, then better coping and better performance

naturally follow from challenge appraisals. Because, as yet, no one has been able

to create a way of separating conceptually appraisal from competence, we are left

with basically a correlational result and without a clear picture of the cause-effect

relationships that are involved.
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which is elevatedin responseto avarietyof stressors,isanothermarkerof stress
measureablein saliva.

Themostsuccessfulself-reportmeasuresof stresslocuson threeprocesses:
(1)commitmentto thetask,(2) feelingsof cognitiveoverload,and(3) self-
assessmentof success.Context-inducedchangesin stressresultin patternedshifts
in taskengagement,distress,andworry on thepartof thesubject.Patternsare
sensitiveto taskandenvironmentaldemands.Comparisonsof thevalueof self-
reportto neuro-physiologicalmeasuresof stresshavebeeninconclusive.Most
researchersfind ahigh correlationbetweenthesetwo typesof measures,leadingto
theconclusionthat,while thesemeasuresdiffer in substantiveways,the
informationtheyprovideis supplementaryandneitheris to bepreferredover the
other. Otherresearchershavearguedthatchangesin behavioralperformance
efficiencyarethemostsensitivereflectionof humanresponseto stress,andthat
behavioralmeasuresshouldbepreferredto bothself-reportandneuro-
physiologicalmeasures.

Thereis noshortageof theoriesaboutstress,but,fortunately,thereareonly
afew commonthemesamongthesetheories.Sometheoriesemphasizethe
biologicalconsequencesof stress,treatingbehaviorasaby-productof biological
processes,suchasautomaticneurologicaland/orhormonalchangesthat are
triggeredby a stressfulevent.Othersfocuson thebehavioralconsequencesof
stressandoncognitionsthatmediatethestress/behaviorrelationship,including
importantlyhow the"stressful"eventis appraisedby theorganism.In general,
theoriesaccountfor stresseffectsoncognitionandonhumanperformancein terms
of multiplesof processes.Theseprocessesinclude,but arenot limited to: (1)
arousalor activation(stressintensityisdirectly andlinearlyrelatedto arousal
level),(2) resourceallocation(stresscontrolsthedistributionof mainly attentional
resourcesacrosspointsof environmentalandinternalinputandcanoverload
attentionalcapacity),and(3) plansor strategies.Theoriesdiffer in their
assumptionsabouttheseprocesses.Someattributelittle or no roleto
consciousnessor awareness,assertingthatstresseffectsaredirect,automatic,and
intuitive. Othersassignthemajorperformancecontrolfunctionsto plans,
appraisals,analyses,andothercognitivephenomena.No theorycompletely
elucidatesthestressprocess,andit isonly reasonableto expectfurtherattemptsat
theoreticalexplicationin thefuture.

Thereis acloserelationshipbetweenstressandarousal.Stressfuleventsare
arousing,causingattendantchangesin statesof theorganism,cognitiveprocesses,
andperformance.Of greatestrelevanceto behaviorin emergenciesarethestress
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Both chronic anxiety (trait anxious subjects) and acute anxiety (produced by

stress or trauma) are associated with a general deficit in a person's ability to inhibit

attention to irrelevant stimuli. The effect is most clearly seen when limitations are

placed on controlled processing, forcing subjects of rely more heavily on automatic

reactions. These results imply that, in a natural emergency or when stress is high,

there is need to be concerned about an operator's ability to focus on the relevant

information in the task at hand and to inhibit irrelevant sources of input. This

effect of stress on inhibitory processes is similar to and likely related to

Easterbrook's conclusion that the range of cues perceived and attended to shrinks

under stress or high arousal. The ingestion of stimulants can be effective in

offsetting the vigilance decrement as can the aperiodic occurrence of intrusive

irrelevant or background stimuli, if they have some degree of alerting function.

A variety of stressful conditions affect memory in a variety of ways, usually

but not always adversely. Mandler was one of the first cognitive psychologists to

theorize about these effects, attributing them to cognitive resource limitations and

to stress-produced noise in the cognitive system. People with high math anxiety

have a reduced working memory capacity and, because working memory is

required by many arithmetic and mathematical tasks, math anxious subjects

perform more poorly on these tasks than low anxious subjects. There is conflicting
evidence in the literature regarding memory for emotionally arousing stimuli.

Many studies have reported that memory is better for either pleasant or unpleasant

material than it is for emotionally neutral material. But there is some evidence that

traumatic stimuli, like autopsy photos, can inhibit memory for simultaneously

presented neutral material. One study has demonstrated that stress facilitates the

formation of false memories.

Elevated cortisol levels have been shown sometimes to have a positive effect

and at other times a negative effect on memory. One possible explanation for

these conflicting results is that various researchers induced or measured cortisol

levels at different points on the Yerkes-Dodson function. When cortisol level is

relatively low, on the upward rise of the Y-D function, memory might be

facilitated. When cortisol level is beyond the optimum on the Y-D function,

performance can be adversely affected. Further complicating the picture is the

fact that none of the pertinent experiments has taken account of possible state

dependency effects in memory. Thus it is unclear whether the effects of elevated

cortisol, whether facilitative or inhibitory, are the same on encoding and retrieval

processes in memory.
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Not only does stress affect and often limit memory, but also memories of

stressful events can provide a basis for intrusive thoughts, resulting in persistent,

protracted, lingering, or chronic stress - a kind of vicious circle. To date, no one

has reported on the possible detrimental effects of intrusive thoughts on cognitive

task performance in the experimental literature.

There is an extensive experimental literature that examines the influence of

stressful environmental conditions on cognitive performance. Despite the common

opinion that environmentally imposed time pressure is a major source of stress,

surprisingly little research has been reported in recent years that manipulates this

variable. Further, the studies that have been reported are quire limited in scope. In

general, these studies support the conclusions that time pressure (1) increases

errors and response variability in some tasks, (2) shrinks working memory, and (3)

reduces cue utilization. The adverse effects of time pressure are strongest on

responses that are unfamiliar and/or non-intuitive. But, because the evidence is

sketchy, systematic manipulation of time pressure is needed in future research
efforts

Workload can get so high that task performance suffers. The adverse effects

of overload are related in part to the need to divide attentional resources among the

various components of the task to be performed. Especially difficult in these

overload conditions is the need to ignore previously relevant task material that, for

some reason, is no longer relevant and reorganize the task as a consequence.

Probably the most interesting outcome of recent research on workload and

overload relates to the manner in which performers handle or adapt to these

conditions. Participants can adjust to minor conditions of overload by increased

effort or more effective mobilization and deployment of resources. Two strategies

of resource deployment have been identified. In some case, the performer can

incorporate the response requirements of a secondary task into those of the primary

task, in effect creating one super-task that subsumes both the primary and the

secondary. Another strategy is to try to discover ways to relate the stimulus

material that one must deal with to already existing knowledge that might not seem

in the surface to be relevant.

Fatigue from prolonged work, work overload, or sleep deprivation causes

feelings of stress and, in some cases, degrades performance. A sometimes-

observed speed-accuracy trade-off in fatigue states illustrates two important

caveats concerning the effects of stressors on performance. First, stress effects

may be different for different measures. Second, the effects of stressors may not

always be harmful. One stressor might actually facilitate response times and
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simultaneouslyinhibit accuracy.Undersomecircumstances,fatiguehaslatent
effectsthatonly showupaftersufficientpassageof time. Further,recoveryfrom
fatiguerequiresrestandtimeawayfrom task.Theeffectsof fatiguemightbe
attributablein partto reductionsin controlledprocessing.Incentiveshavebeen
successfullyusedto increasecontrolledprocessing,effectivelycounteractingthe
effectsof fatigue.

Well-trainedperformersseemto acquirecopingstrategiesthat allow themto
maintainstableperformancelevelswhenlongwork sessionsareof knownduration
anddonotexceed12hrs. Cognitiveeffectsof stressappearto beamelioratedby
knowledgethatthestressfulsituation,althoughlong,is time limited. Insufficient
sleep,combinedwith rotatingschedulesandotherworkdemands,nodoubt
contributesto theperceptionthat fatigueis awidespreadproblemin theaviation
community.Fatigue-reduction strategies should be an important component of

training and operational environments. For example, in situations that require

sustained attention over a prolonged period of time, e.g., during a long overnight

flight, brieE regular breaks improve alertness and performance. Sometimes

stimulating drugs can be effective in improving performance, subjective mood

ratings, and physiological indices of alertness.

Effects on cognition attributable to environmental or workplace noise are

complex and not presently well-understood. There is no truly comprehensive

experiment on noise that has yielded unambinguous results. The effects of noise,

although typically negative, can be overcome by increased effort and by time spent

outside the noisy environment. What is needed to resolve the uncertainty in results

of presently available studies and to examine the effects of noise pollution on

performance is a single coherent experiment in which noise intensity and duration

are systematically varied as subjects perform a range of cognitive tasks.

Intense environmental heat or cold in natural or in laboratory circumstances

can have an adverse effect both on behavior and on correlated brain processes.

Some performance effects can be offset by extra effort, but if heat (or cold)

conditions persist, performance eventually suffers. The best recommendation one

can make on the basis of the available data is to try to keep ambient temperature

near optimal for the given task and individual.

Isolation and confinement are stressful, but have surprisingly little adverse

effect of performance in a variety of tasks. If participants are well-prepared and

understand that their confinement and isolation is time-limited, performance holds

up well, although mood can swing quite widely. Prolonged hypoxia, in contrast,
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degradessomeaspectsof cognitivefunctioning,especiallythosethat emphasize
speedof response.An acclimationprotocolbasedon intermittentexposureto
simulatedhigh altitudescanbeusedto offset theseeffects.

Thereis acleardifferencein performanceof highandlow trait anxious
subjectsonavarietyof cognitivetasks. Highanxioussubjectsnotonly tendto
performmorepoorly butalsoaremoreconcretein theirmodeof responding.
Thereis someevidencethat thisdifferencecanbetracedto thefact thatanxiety
might compromisetheworkingmemorysystem.Anothereffectof anxietyis its
tendencyto sensitizethe individual to threateningor emotionalstimuli. Most of
thedataon trait anxietyandcognitionhavebeencollectedin the laboratory,and
thereis little evidenceto supporttheextensionof thesefindingsto therealworld.
Field studiesneedto beconductedto determinetheextentto whichdifferences
betweenanxiousandnon-anxioussubjectsreportedfromthelaboratorygeneralize
to therealworld. A reviewof the literaturein sportspsychologyrevealssome
promisingsimilaritiesbetweenlaboratoW outcomesandperformancein various
formsof sportingevents.But therearetoo fewdataavailablepresentlyto support
strongconclusions.Otherthanindividualdifferencesinanxiety,personalitytraits
appearnot to havebeenstudiedextensivelyfor their relationshipto performance
understress.

In recentyears,it hasbecomeclearthatanassociationexistsbetween
severalstresssituations(i.e.,bereavement,depression,maritaldiscord,job loss,
examinationstress,andchronicstress)andchangesin thehumanimmunesystem.
A negativecopingstyle(e.g.,ventingof negativeemotions,denial,task
disengagement)is uniquelyassociatedwith stressrelatedhealthsymptoms.
Occupationalstressis a majorsourceof healthproblems.Work placeconditions,
bothphysicalandinterpersonal,havebeenshownto leadto negativeemotional
reactions(e.g.,anxiety),shortterm(e.g.,headaches,stomachdistress)andlong
term(e.g.,cardiovasculardisease)physicalhealthproblems,andpooron-the-job
performance.Perceptionsof control,or lackthereof,mediatesomeof these
problems.

Therearetwo generalcategoriesof stresscopingstrategies:(1) self-
generatedor active- includingconfrontation,fight, andescape,which areevoked
when stressorsare controllable or escapable,and (2) passive - including
quiescence,immobility, and freezing, which are elicited when the stressor is
inescapable.Active and passivecoping stylesare relatedto the way in which a
performerinterpretsthe task at handand appraisesthe stressthat it entails. As
notedpreviously,the sametaskcanbe appraisedasa threatby someindividuals
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and a challenge by others. Coping style mediates not only conscious verbal

appraisal of a stressful situation, but also concomitant physiological activity.

Correlational data indicated a significant negative relationship between the use of a

coping technique that relied on "comforting cognitions" and individual cortisol

response during mental stress.

Although there is an extensive literature, spanning basic and applied

research, to document the adverse effects of stress on cognition and performance,

there is, in contrast, little empirical data on effective countermeasures to stress.

Speculation abounds, but little that we can be sure about. The best established

countervailing effect derives from practice or training, or better over-training. The

more thoroughly versed in the requirements of a task the performer is, the less the

adverse effect of stress. Beyond normal training, training that incorporates

exposure to potential stressful events is also useful. When stress arises from

prolonged work period and fatigue, stimulant drugs and short period breaks serve

as an effective countermeasure. Providing augmented feedback and added extrinsic

reward or motivation have a positive influence on performance. But some

recommended measures, like cross-training of a crew so that all crew-members are

familiar with the requirements of all tasks, have disappointing effects.

Stress management procedures (SMPs) have been developed, primarily by

clinical psychologists, to assist normal people to respond successfully to and in the

context of stressful situations. Among the most common procedures are

progressive muscle relaxation, meditation, biofeedback, and cognitive-behavioral

skills training. There have been many studies assessing and comparing SMPs for

their effectiveness. The most effective SNIPs are those that depend on relaxation

and the acquisition of cognitive-behavioral coping skills. These procedures have

been shown to work in various occupations, in academic settings, and in sports.

One major component of stress management training focuses on learning proper

techniques of appraisal for potentially stressful situations. Both covert and overt

rehearsal of stress coping skills have been used with some success, although the

bulk of the evidence suggests that stronger effects are obtained from overt

rehearsal. Most survey studies conclude that all SMPs work to some degree, but
do not differ much in effectiveness. This has led some observers to wonder about

the extent to which the positive effects observed from SMPs are attributable to
some sort of Hawthorne or Placebo Effect

There is some support for the retention of beneficial effects from SMPs over

time, but little knowledge exists about their generality. Given recent empirical

support for the procedural reinstatement principle, which implies that any training



StressandCognition 103

effectsare likely to bespecificto thecircumstancesunderwhichtraining takes
place,thereis clearlya needfor futureresearchon thetransferlimitationsof SMP
training.
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